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PAPERS 


ANALYSIS OF MULTIPLE ARCHES 


“By ALEXANDER HRENNIKOFF’, ESQ. 


SYNopsIs 


A continuous system of arches on elastic piers is analyzed in this paper, 
and a method of finding moments and horizontal thrusts at the ends of indi- 
vidual arch spans and piers, is presented. The subject of designing multiple 
arches, in the wide sense of the term, “design,” is not treated; the paper is 
restricted to the discussion of a problem in engineering mechanics of determin- 
ing stresses under given conditions of loading when all dimensions of the 
structure are known. 

The method is based on the well-known principle of moment distribution 
originated by Hardy Cross, M. Am. Soe. ©. E.,? but-the manner of applying 


_— that principle, and various details of the method are original. 


OuTLINE or THE METHOD 
The proposed method may be divided into the following operations: 


(a) Analyze the individual spans on the assumption that they are fixed- 
ended and, on this assumption, determine the end moments and thrusts for 
each arch. | if 
_ (b) Find the unbalanced moments and thrusts at each pier-head by adding, 
algebraically, the fixed-ended moments and thrusts coming from two adjacent 
arch spans (referring to a specific example, it will be assumed in Fig. 1, that 
the unbalanced joint functions are present only at the pier-head, C, none being 
present at the joint, B). j 

-(c) Determine a series of quantities that may be appropriately termed, 
“the end distribution factors;” they are similar to distribution factors and 
earry-over factors in the method of moment distribution, and their nature will 
be explained subsequently. 

(d) Determine the “joint distribution factors,” four in number, which 
represent moments and thrusts at the joint with unbalanced forces, C, when it 

NotTge.—Discussion on this paper will be closed in March, 1935, Proceedings. 


1 Instructor, Dept. of Civ. Eng., Univ. of British Columbia, Vancouver, B. C., Canada. 
2 Transactions, Am. Soc. C. H., Vol. 96 (1932), p. 1. 


1404 ANALYSIS OF MULTIPLE ARCHES ie a “Papers 


is given a unit rotation or a unit honecnea displacement by some Conduids 
agency. These joint factors are equal to algebraic sums of the respective end 
distribution factors (Operation :(c)) for’ the! three members meeting at 
Joint C. 


(e) Distribute the unbalanced moment and thrust at Point C. This re- 


quires finding the rotation and horizontal displacement of Joint C, necessary 
to balance the forces, at the joint, an, operation involving the solution of two 
simple equations, or the construction of a diagram. 

(f) Determine the resultant forces at the ends of all members. 


Referring to Operation (c), there are four end distribution factors at 
each end of each member when the joint, (, moves (by member is meant each 
individual arch span or pier, so that, in all, there are five members:in Fig. 1): 
(1) The rotation moment. factor, m,; (2) the rotation thrust factor, ,,; (3) 
the displacement moment factor, m,; and (4) the displacement thrust factor, 
h,. The first two factors are, LGheatyeny the moment and the thrust at the 
end of any member such as Point A in Fig: 1, when Joint C, with an ‘un- 
balanced fixed-ended moment and thrust, is'given a unit rotation without any 
linear displacement. Similarly, m a and h, are moments and thrusts that occur 
when Joint C is given a unit horizontal displacement, without any rotation or 
any vertical displacement. 


Clockwise Rotation 


gd SERN Bien ott ek TSOP ie 
B Be Cp Gy 


Fie. 1. Fig. 2. 


In the method of this paper unlike the method of moment distribution, the 
pier-head, B, adjacent to the one undergoing the movements, is not considered 
fixed, but is allowed to move its proper amount. This fact explains the dif- 
ference in the method of determining distribution factors of two groups of 
members in Fig. 1. Members of the first group, ('C’ and CD, have one end 
fixed, the other end undergoing a known movement (unit rotation or unit 
translation). Their distribution factors will be found by formulas, derived 
subsequently. The other three members have unknown movements of one 
end, and their distribution factors will be found by means of a hes alge- 
b.aic process. 

In concluding this brief Boelifie it may be mentioned that the method sug- 
gested consists largely in following a certain simple. arithmetical, procedure, 
without recourse to, higher mathematics, Formulas are used only in 
evaluating the end distribution factors of single members, and the constants 


involved are those commonly used in expressing | the familiar elastic properties 
of arches and piers. rs 


— 


Lk 


re 2 
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Enp Distrisution Factors or Sinaite Arcues AND Piers 


Rotation Factors of a Symmetrical Arch Rib—Let FN (Fig. 2) be a single 
symmetrical span of a multiple arch. It is required to find expressions for 
the moments and thrusts at the ends, N and F’, when F is kept fixed, and N is 
made to rotate, without any linear displacement, through an angle, a = 1 
radian, in positive direction (which will be assumed to be clockwise). - 

The end, N, which moves, will be referred to as the “near” end, and the 
fixed end, F’, will be termed the “far” end. Then, rotation thrust, factors and 
rotation moment factors at the near end will be designated, respectively, Aya 
and mya, and similar quantities at the end, F’, will be denoted by hy, and mrza, 

A definite agreement as. to the exact meaning and signs of these symbols 
is most important. In line with a common convention in the method of 
moment distribution, it will be assumed. that m and h are the moments and 
thrusts with which the arch acts on the joint; and the positive directions for 
these actions will be clockwise for the moment, and to the right for the thrust. 

Since each joint acts on the arch with forces equal and opposite to those 


- with which the arch acts on the joint, a free-body diagram of the arch with 


Joint N rotated clockwise through an angle, a = 1 radian, will appear as 
shown in Fig. 2. Directions for arrows, m and h, in this diagram are deter- 
mined by the aforementioned convention concerning meaning and signs of the 
end distribution factors. The actual forces may have directions opposite the ar- 
rows shown, in which case the corresponding distribution factors will be found 
to be negative. Thus, it is quite evident that a clockwise moment is required at 
the end, NV, to effect clockwise rotation of this end; consequently, the moment 
factor, my,, will ultimately be negative. In addition to m and h, vertical reac- 
tions, Vy and Vr, will be required to keep the span in static equilibrium. 

The derivation of formulas for the moment factors, m, and the thrust 
factors, h, is not a special feature of this paper, but is given for completeness. 
The necessary expressions can be found easily by the neutral point method. 
Fig. 3 is drawn for the same conditions of deformation as Fig. 2. The arch 


Displacement eile 


to Right A=1 


"Fie. 3. . en Fie. 4. 


has a rigid arm extending from the end, N, to the neutral point, O, and is 
loaded at Point O with the forces, hya, Vy, and Mo, which have been moved 
there from Point N. Since systems of forces in Figs. 2 and 3 are equivalent 
to each other, the following relation is evident from statics: 


mye = —[ Me + Vy E—hund | Sig ea (1) 


and, 


» ; Ant +. VORP a ~~ 2 - eS ea PR re 
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By assumption, the only movement at Point N is rotation through an angle, 
a = 1 (see Fig. 2); consequently,:a composite movement occurs at the neutral 
point, O, as follows: (1) Clockwise rotation, a = 1; (2) vertical displacement, 


z , upward; and (3) a horizontal displacement, b, to the right, in which, } is’ 


the height of the neutral point above the springing line. 

In order to effect these displacements, the forces must be exerted at Point O 
such as to satisfy the following conditions (derived from the well-known aRwie 
erties of the neutral point): 


ee ae 


msi 


and, 


* ds ds : 
— hya y 9s pemedaae I ee Oe a i a ee 
nm [ f+ tt] 


The unknowns, Mo, Vy, and hya, are easily found from these relations; and, 
then, mya, Mra, and hy, are determined. from Equation (1), and from the 
conditions of equilibrium of the arch. . The resultant expressions for 
the rotation distribution factors of a single arch are: 


[ id ap)oin ta 
= Se ote Pa OP Pe I or ae 4 PS es 5) 
Mn. = . [as ts Bade ‘ETE Mi ) 
, ‘EL 
(xy 
e 2 b? 


a ota Per EOERD iP ds i tee eee ee 
EI J EI EI EA 


| 
4S "fae fe _ds_ 
EA 


It should be pointed out that the axes of the co-ordinates, XY and y, to 
which values of x and y are referred in Equations (5), (6), and (7), pass 
through the neutral point, O (Fig. 3), and are directed horizontally and verti- 
cally. The distance, b, determining the location of the neutral point, is found. 
from the relation: \ 


niniiaenmmeneendiaiaminimmaniiammiidinniean eo 


Mr. = 


a Bi a es y cee eee 
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The following will be found useful in evaluating the integrals: 


fa = [eo paid ee (9) 
ae = : Syne 
i. y* ds = [ue Be de NA eee (10) 
EI EI 


In Equations (8), (9) A (10), a, and y, are co-ordinates of the arch axis 
referred to Axes X, and Y, with the origin, F, at the springing. 

Displacement Factors of a Symmetrical Arch Rib—Following the same 
convention as in the case of the rotation factors, the displacement factors are 
defined as the moments and horizontal thrusts with which the arch acts on 
the joints when the far end, F’, remains fixed, and the near end, N, is displaced 
horizontally to the right (with no rotation) a distance of one unit of length 
(see Fig. 4).. Positive directions for these actions of the arch on the joints 
(not of the joints on the arch) will be again assumed as to the right for 


and, 


ie thrusts, and clockwise for moments. 


The movement of the neutral point under these circumstances will evidently 
be the same as that of the point, V, namely, one unit of length to the right; 
and this may be affected by a single horizontal force, hya, applied at Point O, 


} as shown by the oa line in Fig. 4, aa 


OP end, 


he sary Alt fo thing Jatigay oft. team (11) 
ee y’ ds Tee. fe 
_Expressions for the other factors ae be ie from the conditions of 


equilibrium: 
Ripa Sa Bah gS eae he hacen one (12) 


Mra = — Mya >= (is is ae 


Equations (5) to (13), inclusive, developed on the gions that the right 


4 end of the arch moves and the left end remains fixed, hold true in exactly the 


same form (and with the same signs) when the left end moves, and the right 
end stands still. 

For investigating the influence of movements of the abutments, it is 
necessary to write expressions for terminal forces when one end of the arch 
settles vertically without rotation through a distance of one unit of length, 
and the other end remains fixed. It is easy to prove that no horizontal thrusts 
occur in this case, and that the end moments are equal to, 


L 


2 as AE RS en ES (14) 


i is /% ds 
EI 


the sign being plus on both ends if the right end of the arch moves down. 


Ste 7 Se 


‘ 
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Rotation and Displacement Factors for a Pier with Fixed Base. —Fig 5 
represents an elastic pier, fixed at the base, B, with a unit clockwise rotation 
at the top, 7, with no linear displacement, and subjected to the action of 
the forces, mre and hrg (reversed rotation factors for the pier). In Fig. 6 these 


Fig. 5. ; Fig. 6. Fie, G5 


forces have been moved as M, and hy, to the extremity of a rigid arm termi- 
nating at the neutral point of the pier, a distance, a, below its top. Evidently, 


The neutral point, O, has the following movements: Clockwise rotation, 
a = 1, and linear displacement to the left, a. These are produced by, 


eb ae 
Mra <=. F541) Wooo, Ste Sd a ow eee jo weeeves 
eas [#% dy. fea . a 
The y - co-ordinates of the pier axis, under the integral signs in Equations 


(16) and (17), are measured from the origin at the neutral point, In order 
to simplify the evaluation: of the integrals, the following relation may be i 


used: 
y? dy = [4 dys f[% dy, 1 3 
fee — (a, — a)? vce alee ( 8) 


in which, y; and a, are measured from the base of the pier (see Fig. 6). 


eres 


se 
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es Similar argument leads to the following expressions for the displacement 
factors of a pier with fixed base (Fig. 7): 


Snags to sngtgh 


and, 


EI 

Rotation and Displacement Factors for a Pier That Can Move at the 
) Base.—When investigating the influence of yielding foundations under a pier 
it is necessary to write expressions for, the rotation and displacement factors 
of a pier that can rotate or move horizontally at the base, while the. head 
remains fixed. Using the foregoing notation and convention as to. the ‘signs 
and directions of motions, expressions for thrusts and moments at the pier 
| pase (heg Mzq, tsa, and mz,q) can beobtained from corresponding expressions 
in Equations (16), (17), (19), and (20) at the pier-head by substituting 
as a) for a. The force functions at the top of the pier, while the pier- 
‘head still remains locked, can then be found by statics. 


NumericaL EXAMPLES : 


“ Application of this method will be demonstrated by two examples of arch 
systems with ribs and piers of the proportions used by Charles S. Whitney, 


Fie. 8. 


M. Am. Soc. C. E., a his fundamental papers on arch design.’ All ribs and 
piers (see Fig. 8) will be assumed to be 1 ft thick, and will have the properties 
listed in Table 1.* 


3 Transactions, Am. Soc. C. E., Vol. 88 (1925), p. 931; and Vol. 90 (1927), p. 1094. 
4Loc. cit., Vol. 90 (1927), pp. 1112 and 1120. 


ES a REN SE Tp or he 
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TABLE 1.—Prorerties or Riss anpD Prers 1n Numericat ExaMpLes 
(SEE Fia. 8) 


Length of span, L, in inches............. 1 200 ||Distance, yc, at the crown from the ie 
Rise of arch axis, r, in feet......./...... _ 15 rib axis to the neutral point, in feet.. 3.15 
Ratio, w, of unit loads, ws, at springing to; : Thickness of Pier, in Feet: 

HDG AU OLOWI SG) besa svsve olcceloretoiaas 4.70 (a) At the top, £7.05. cece cee siecsene 8.0 

Ie 0.339 (b). At the bottom; ¢B a. c..o sate ae te eee 12.0 
Ratio, n, of 5. Piya gas be cape ey Moment of Inertia of Arch Barrel, in 
A nches é: 

Coefficient, b nH = cosh ha... +++... 60 (a) At the Stowsly Toss ccky oi <iulectete 6 399 
Height of pier, a1, in feet...............- (b) At the aoringerh: 24 560 
Beospent of ectia. £7. obpionpt the top Vertical distance, b, of neutral ‘point above 

(= 1.1 5) oN LOCH. wicec causacte ak 46.85 springing, in inches « oGatelely sister eee ew 142.2 
Thickness of Arch Barrel, in Inches: : otal bee, fea aii eer ed 

te) Ab the mremmglng, dea icc icc ccl az af | pistamoes ar 6, in inched (neo Hig. 8). 2. Aee 
Gosines S/O). SR at. HATA. SPE 0.769 


The following values have been found from the formulas epg ee by Mr. 


Whitney : 
For an Arch Rib: . 
f & = 22 ifs. dis Wigaty enh LO 
2 2 
i. ee TT ype int a tee eee (22) 
and, : 
a { 
E J ue 247°9 inv gislt 20, connoll 21 (28) 


For a Pier: 


_and, 


Ce er rr rd 


TABLE 2.—Enp Distrpution Factors or Riss anp Piers 1In NuMEricaL 
Exampues (Divivep sy #; Sree Taste 1) 


eh 
SIS 
\| aa 
p 
io 
es 3 3 
BT 
7 
rue 
bd 
on 
— 
Re BO 9 ttm AS Se te 


Rotation Factors DIsPLACEMENT Factors 


Equa- ; 

thon Factor Value “ton ‘ Factor Value 
(7) Bra PORT MIRAI, Pcl la. wt (12) hr, | 0.00404 in. 
(7) | *na | —0.574in2.. Pisa. engs (11) | *wa | —0.00404 in. 
(5) ™na | —121.2 in.3 = — 10.1 int-ft..... (13) ™na | —0.574 in. = — 0.0478 in-ft. 
(6) ™rq | 57.8in# = 4.82 in-ft......... (13) ™r~ | 0.574 in.2 = 0.0478 in-ft. 

916) Are | wrto ine, 2 Tee aay fo ap, “| Loose9 in: + tee 
(17) ™ra | —7371 ind=— 614.2 in-ft.....|) (20) | ™pa | 17.19 int = 1.433 inet. 


(14) My 0.0528 in? = 0,0044 in-ft 


as 
Be 5 a 5 
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eet 


___ The influence of rib-shortening, expressed by the integral, / se , is slight 
EA 


and will be disregarded in the following examples. Numerical values for the 
P end distribution factors are obtained by substituting the quantities in Equa- 
tions (21) to (25) in Expressions (5) to (20). The results are listed in Table 
2, the factors being divided by FH. For example, the rotation factor, hya 
} in Table 2, is actually Ira : 

mee E 

It is easy to understand that the absolute values of distribution factors are 
not essential, and that quantities proportional to them will serve as well in 
distributing unbalanced joint moments and thrusts. Moreover, the coefficient 
of proportionality for rotation factors may be made different from that for 
“the displacement factors. A change in this coefficient may be advisable in 
order to raise or to lower the values of the factors, thus avoiding the incon- 
} venience of using numbers that are too large or too small. 


In the following numerical examples, the quantities, = and ted will be 
E i 


} used as the rotation factors, and the quantities, 100 ha and Pewee , as the 
E 


} displacement factors, - and = being the coefficients of proportionality. 


Tt is evident from the physical meaning of the distribution factors that: 
“m, is measured in force length units; h,, in force units; ma, ee 
en 


foree_ 
length 
The important feature is that the moment factors have length dimensions 
| of a power one degree higher than that of the corresponding thrust factors. 
- The same characteristic is preserved in the units of the proportional values 
(see Table 2). This extra length dimension (an exponent of 3 in mya, for 
) example, as compared with 2 in hy,) is different from the remaining dimen- 
) sions, and although the others may be expressed either in inches or in feet, 
_ the units of this particular dimension must agree with the length units of the 
 fixed-ended moments. 
This is the reason for the seemingly peculiar combinations of inches and 
_ feet in the units of the moment factors in Table 2. These combinations evi- 
| dently result from the fact that the fixed-ended moments are expressed in 
 kip-feet. Of course, it would be quite correct, although inconvenient because 
Z of small values, to have the proportional distribution factors expressed in feet 
} only. Aside from this single qualification, the units of distribution factors 
are quite immaterial, and may be disregarded completely, unless the absolute 
values of terminal deformations are considered, as in the case of yielding 


foundations. 


} units; and, hg, in units. 
a i 4 
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Example 1.—Table 3 contains the complete solution of a 2-span arch. 
Moments are expressed in kip-feet, and thrusts, in kips. The ribs and piers 
have the dimensions and elastic properties listed in 

Soo Tables 1 and 2. The structure is loaded to the middle 

he ay if of the left span, as shown in Fig. 9, with a uniform 
B load of w = 0.1 kip per lin ft. Pier Base B’ and the 
Fic. 9.—ExaMPLE 1. abutments, A and (, are considered as absolutely fixed. 


0 


ae 3—Enp Moments AnD Turusts, Two-Span ArcH Bpipce 
(See Fic. 9) 


(Thrusts, h, are in kips; and moments, m, are in kip-feet) 


Enp MoMENTS AND THRUSTS FOR MEMBER: 


Joint B 

£3 eevee B 
6 BA BB’ BC ae Total, cia a B 
< Conditions 
s h m 
= (Col- (Col- 

m* h m h m h ™ umns umns mt 

(3), (5), (4), o 
| and (7) | and (8) 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
lije =+ ....|+ 4,82|—0.574/—10.10)+17 .19\—614 .2/—0.574|/—10.10}+16.04 |—634.4 +4.82. 
2 aait _...|4+ 4.78|—0.404|— 4.78|— 5.99|—143 .3|—0.404|— 4.78|— 6.80 |+133.7 | +4.78 
3) Fixed-ended 74 , 

orces....|—25.02|/+4.482|—12.40).......]....... —8 .964|/—12.62| —4.482) —25.02/+12.62 
4 pa Boal --|— 1.71/+0.203/+ 3.58|\— 6.09)+217.5)+0:203|+ 3-58).......2]....... — 1.71 
4 [a= 224 | | 7.15|+0.603/+ 7.15/+ 8.95|—214 0] +0.603|+4 7.15]........)....... eer 
6 | Two-span Nts PR STEN eh Mpecca rr Rn 
forces... .'—33.88|+5.288|— 1.67|+ 2.87|+ 3.56/—8.158|— 1.89 0.0 0.0 |+ 3.76— 

* Values of A are the same as in Column (3). + Value of A are the same as in Column (7). 1 


The vertical columns in Table 3 contain moments and thrusts. The 
values refer to the ends of the various members, thus: Columns (3) and (4) 
(Table 3), headed “By”, give forces at End B of Member BA, Fig. 9. Columns 
(9) and (10) contain the values of forces acting on Joint B. They are com- i 
puted by adding, algebraically, the quantities of the three preceding cha 
B,, B;’, and Bo. 


- The conditions or causes that produce the forces are listed in Column (), 


Table 3. Items Nos. 1 and 2 contain forces caused by the rotation, a = 2 


and the displacement, A = 100 


, of Joint B; for this reason, J oint B is sat 


4 
7 
- 
a 
in a circle in Fig. 9; in other words, the quantities ‘listed in these ‘two items — 
are the distribution factors for movements of Joint B. - 
Item No. 3, Table 3, contains the fixed-ended forces of the two single spans. 
under the action of given uniform load. These values have been computed by 
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_ means of diagrams and formulas given in the paper by Mr. Whitney, previ- 
ously cited. If there was any known movement of the supports its influence 
“would be calculated by Equations (5) to (20), and included with the fixed- 
ended forces from the load. , 

It follows from Item No. 3, Table 3, that there are at Joint B, an un- 
balanced thrust of — 4.482 kips and an unbalanced moment of — 25.02 kip-ft, 
which cause this joint to rotate through an unknown angle, a, and to move 
horizontally an unknown distance, A, so that the forces at this joint become 


“balanced. If the rotation, a, is measured in angular units containing + yadians, 
‘and the displacement, A, in linear units of the magnitude, 100 , the numeri- 


| eal values of these unknowns are found from the equations of equilibrium of 
| the joint, B: 3 H, = 0 and 3 M, = 0, which give: ee 

hit ass aha Aw din cnalucn Gels aoueswas ekake@ 
| and, | | 
‘= Maa + my A + Macrixeay = VO... eee eee eG ee aa) 


i Substituting values of h and m (Joint B) from Items Nos. 1, 2, and 3, Table 
8, Equations (26) and (27) become, respectively : 


II 
= 


16.04 a — 6.80 A — 4.482 SH TOE (ORs 


f and, 
— 634.4 a + 133.7 A — 25.02 = gp bhs eee Geet eee), 


Le jn which the coefficients before the a and A -terms are the distribution 
factors of Joint B. For Equations (28) and (29): a = — 0.3541; and, 
fA = — 1.494. 

Items Nos. 4 and 5, Table 3, give forces caused by the rotation, 0.3541 = 
~ and the displacement, 1494 =, of Joint B. Item No. 6 is obtained by 
3, 4, and 5, and gives the total terminal 


adding, algebraically, Items Nos. 
bers of the structure under the loading 


~ moments and thrusts in various mem 


| considered. 
In Item No. 6, values of h in Columns (3), (5), and (7), and values of m 


in Columns (4), (6), and (8), should add to zero. This constitutes a good 
| 5 check on the solution of the equations. A small discrepancy found as a result 
of this check has been thrown into the pier, the rigidity and distribution 
factors of which exceed, greatly, the corresponding values for the other mem- 
bers of this joint. The amounts of rotation and translation of Joint B under 
the action of unbalanced forces can also be found graphically. The graphical 


| solution, however, will not be given in this paper. 
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Example 2.—A 4-span arch is analyzed in this more difficult. example (see 
Fig. 10). The arch ribs and piers are alike and have the same dimensions 
and elastic properties as those in Example 1 


A , B C D 3; ~——« (see Tables 2 and 3). The abutments and pier 
gp tc D’ bases are again considered as absolutely fixed. 
Wie?-40.-nxewvine: Several methods of procedure can be 


adopted, the simplest one being, perhaps, to 
consider the structure as a combination of two 2-span. arches, ABC 
and CDE, with Joint C fixed; and then to unlock this joint and to introduce 


. the influence of its movements. This procedure necessitates, first, the de- 


termination of distribution factors for the movements of Joint C, which 
differ from those given by Equations (5) to (18), because the structure is 
extended two spans from Joint C instead of one. 

Fig. 11 is arranged on the same basis as Table 3; the diagrams of 
structures in Column (2) being inserted to assist in forming mental pictures 
of the various steps taken, before the final solution is reached. As is evident 
from the diagrams, the necessary characteristics of the 4-span arch are de- | 
termined after a preliminary study of 1-span and 2-span arches. The joint 
undergoing movement at each step is indicated by a circle around it on the 
diagram. 

_ Fig. 11, Items Nos. 1 and 2, contains the already familiar distribution — 
factors of a 2-span arch, ABC, with Points A, B’, and C fixed and Point B 
(in a circle) free to move. Item No. 8 gives rotation factors for a single arch, 
BO, when Joint B is fixed, and Joint C is permitted to move. Of course, these 
quantities are the same as those in Item No. 1, Columns (38), (4), and (5). 

If Joint B, acted upon by forces in Item No. 8, is unlocked, it rotates and © 
moves horizontally, as a center joint of a 2-span arch, so that the forces be- 
come balanced. These movements are found from formulas similar to — 
Equations (26) and (27) by yee 2 the proper thrust ane moment factors ; 


from Fig. 11, thus: - 

Bi 

16.04 a — 6.80 A + 0.574 = 0. (30) — 

and, A : 

~ 684.4° a" F 198.79 At 82 Oe ae (31) z 

fe ed Equations (80) and (81) are stated also in Fig. 11. -Rromi ny 
these equations, a = 0.0505; and, A = 0.2035. 


The effect of these movements is expressed by the forces caleulated i in Tkems f 
Nos. 4 and 5. When these values are added to the original forces in Arch BC ~ 
before Joint B has moved (Item No.:8), the result is the final forces (Item t 
No. 9), in various members of the double-span arch, ABC, when Joint c a 


undergoes the specified pure rotation, and Joint B moves in a manner A 4 


able to the occasion. In other words, Item No. 9 contains rotation distribution 
factors of the 4-span arch corresponding to movements of the center joint, C. 
The displacement factors are found es tom in Items Nos. 6, 7, 8, and 10, 
Fig. 11. 


g and by adding, algebraically, the three C—columns to find the joint distribu- 
_ tion factors. There is no need to fill in the various D and #-columns, since their 


ae 
= 
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Ttems Nos. 9 and 10, Fig. 11, are completed by filling Columns C, and Cp, 


factors are identical with those of the symmetrically opposite members, B and 


- A. This concludes the first stage, preliminary to investigation of four cases 
of loading. For clearness, it may be re-emphasized that this first stage has 


resulted in the determination of: 


(1) Terminal forces in the 2-span arch, ABC, caused by unit rotation and 
unit translation of Joint B (Items Nos. 1 and 2, Fig. 11). 

(2) Terminal forces in the 4-span arch, AB CDE, caused by unit rotation 
and unit translation of Joint C at the center (Items Nos. 9 and 10, Fig. 11). 


Item No. 11 contains the fixed-ended forces of a single arch, BC, under a 
uniform load (Case 1), on the right half of Span BC. Item No. 14 gives the | 


terminal forces of the double-span arch, ABC, under the same loading, after 
} the unbalanced forces at Joint B have been distributed, using factors in Items 


Nos. 1 and 2 and solving the equations given on the right side of Fig. 11 opposite 


1 Item No. 11. The only remaining step is to distribute the unbalanced forces 
~ at Joint C using the distribution factors in Items Nos. 9 and 10. The follow- 


ing equations of the form of Equations (26) and (27) are used : 


16.26 a — 6.63 A + 3.675 = Oicavi s sehen Uephise Coed 


and, 


— 632.00 a + 135.60 A — 21.26 = ie POS Rede. Cen ab Fe 351) 


| from which the movements of the joint, C, are found to be: a = ease : a 


A = 0.9956 100 The effects of movements of the joint, C, on the members 
E 

in various D and H-columns are the same as on the members symmetrically 

located on the left side of the structure. The resultant terminal forces are 


entered in Item No. 17. 
Case 2, in which a uniform load occupies the left half of Span BC, is 


investigated and the results are entered as Items Nos. 18 to 24, Fig. 11. Only 


two distributions of unbalanced forces are needed for its solution, since dis- 
tribution factors of Joint C are already known. The equations used are all 


stated in Fig. 11. 
It is interesting to notice that only one distribution is required for either 


Case 3 or Case 4, since their 2-span values can be written down directly by 


comparison with Cases 2 and 1. Investigation of all four cases thus requires 
less than twice the work on one case. ; 

General Case of a Structure with Any Number of Spans.—Example 2 
presents a good ‘Jlustration of the use of the method, not only for a 4-span arch, 
but also for a series with any number of spans. Probably, the best procedure 
is to divide the structure into two parts by fixing a joint at the center (or 
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near the center for an odd number of spans), to analyze each part separately, 
and then, having determined distribution factors for movement of the tem- — 


porarily fixed joint, to distribute the unbalanced forces at that joint. 
After the preliminary work of calculating distribution factors, the neces- 
sary distributions for the load require relatively little time. In designing a 


multiple arch there are several cases of loading under which the structure ~ 


should be investigated, and when using this method, the more cases are : 


analyzed the less work on the average is involved in each, as has been already 
demonstrated in connection with Example 2. 

The method can also be applied to the construction of influence lines. An 
influence line for moment or thrust at any point can be found by the use of 
Maxwell’s reciprocal theorem, as a deflection curve of a suitably deformed 
structure after the unbalanced terminal forces caused .by the deformation have 
been distributed in the usual manner. This procedure is cumbersome, because 
it requires the translation of moments into deflections. 

However, a complete set of influence lines of all terminal forces (and this 
is what is generally required in the final analysis of the structure, if influence 
lines are used at all) can be found comparatively easily, following closely the 
procedure of Example 2, by placing a unit load, successively, at different points 
of the arch. In Example 2 this method requires only twenty-seven distribu- 
tions to construct influence lines for all ten terminal forces, having ordinates 
at the tenth-points of the spans. This amount of work is not unreasonable in 
view of the great number of force functions. ron 

Alternative Method.—In cases requiring a large number of distributions, a 
change in the procedure is recommended which does away with the equations 


‘determining the necessary movements of the joints. This modified procedure 


is presented, as applied to Case 1 under the sub-title, “Alternative Method,” 
in Fig. 11. The idea is to replace the rotation and displacement factors with, 
what may be termed, m-factors and A-factors. There are again four of these 
factors at each end of each member: (1) The m-moment factor, mm; (2) the 
m-thrust factor, hm; (8) the h-moment factor, ma; and (4) the h-thrust 
factor, An. 

The first two are, respectively, the moment and the thrust-that occur at the 
end of any member (as, for example, A;), when the joint under consideration 
(say, B) is acted upon by a moment of 1, or 100, created by some external 
agency. As a result of this moment, Joint B undergoes both rotation, a, and 
horizontal translation, A, the values of which can be found easily, and from 
these movements the moments and thrusts at the ends of all members (the 
m-factors) can be computed. Similarly, the A-factors are the moments and 
thrusts at different terminals when the joint in question is acted upon by a 
thrust, h = 1. 

The m-factors and h-factors for a 2-span arch, ABC, with movement at 
Joint) B are determined in Items Nos. 33 to 38, Fig. 11, by the use of rotation 
and displacement factors in Items Nos. 1 and 2. Equations necessary for 


finding the movements of Joint B, when it is acted upon by a moment, 100, 


patchy nrc whee 


a neem 


a 
fe 
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are as follows: 

16047 cS 1628051 sO daths ced. pl ebehe ye tela ob). (84) 
and, 


BSE IO a 185.10 A ee LO000IET OLE FF R88) 


i whence a = 0.813 and A = 0.789. 
Forces caused by these movements are added in Item No. 37, Fig. 11, which 
| thus presents the m-factors of the 2-span arch, ABC. The h-factors, found 
ina similar manner, are recorded in Item No. 38. Items Nos. 43. and 44, 
‘Fig. 11, contain the m-factors and h-factors for a 4-span arch with motion 
At the center joint, C; they are found by following a similar procedure. 
These four additional distributions involved in determining m-factors and 
| h-factors eliminate the equations when investigating the influence of unbal- 
“anced fixed-ended forces. ‘Thus, in the 2-span arch, ABC, under the loading 
of Case 1 (Items Nos..45.to 48, Fig. 11), the influence of the fixed-ended 
thrust, — 4.482 kips, at Joint B, is found at Item No. 47 as a product of this 
- quantity and the corresponding h-factors, without resort to equations. The 
_ same is true with regard to the unbalanced moment, — 25.02 kip-ft. 


CoNCLUSIONS’ | 


; The following conclusions are advanced as to the value and limitations 
of the method presented in this paper: 

| (1) With the exception of evaluation of distribution factors for single 
& members (which is not considered a requisite part of this analysis), the method 

does not involve mathematics higher than elementary algebra. 

(2) The idea behind the method is simple, and the various steps in the 

~ solution are quite easy to visualize, especially when accompanied by small 

supplementary diagrams. 

(3) The nature of the computations, involving multiplication of a string 
of numbers by a single factor, makes the method particularly suitable for slide- 

rule work. (All computations in Table 3 and Fig. 11 have been made with 

an ordinary 10-in. slide-rule.) 

(4) The orderly tabulation diminishes a possibility of errors. 

(5) The algebraic sum of the terminal forces for three members meeting 
at a joint must equal zero. This provides an effective check on the results, 
the only exception being the moments at the abutments. In fact, there is 
little chance for mistake, after the fixed-ended forces and the single-span dis- 
tribution factors have been determined correctly. 

(6) Perhaps the part of the method most likely to cause confusion is the 
convention pertaining to the meaning and signs of distribution factors. 
The signs of some of the single-member distribution factors, when observed 
casually (see Items Nos. 1 and 2, Fig. 11), may seem quite odd. However, 
once the convention is mastered, and one visualizes the movement of the end 
of the member in relation to its neutral point, a good reason becomes apparent 
for each sign. 

(71) The examples solved have dealt with a series of equal symmetrical 
arches, but there is no change when individual arches are different but sym- 
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metrical. The method still applies to asymmetrical arches, although Expres: 
sions (1) to (14), for distribution factors, are no longer valid. 

(8) Vertical settlement of the joints due to pier-shortening has been dis- 
regarded; it is not important, but can be taken care of independently after- 
ward, if desired. With the exception of this theoretical limitation, the method 
is “exact” in a sense that it is not based ‘on assumptions other than the 
ordinary ones of the theory of elasticity. 

(9) While, perhaps, this method may prove more laborious than some others 
Ahoh investigating one load condition, ‘the writer believes that time will be 
saved when applying it to several load conditions, or to the construction of 
influence lines. It may be mentioned in this connection that a casual inspec- 
tion of Fig. 11 is likely to convey an exaggerated idea of the labor involved 
in the solution. The fact is that many of the values are merely copied’ from 
one column into another, and any one acquainted with the procedure will find 


simplifications and “short- cuts” that will lessen the work.” qi 

In conclusion, the writer wishes. _to express the hope that the method will 

find its way into designing offices. .__ : =| 
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RATIONAL DESIGN OF STEEL COLUMNS 
BY D. H. YOuUNG,? JuN. AM. Soc. C. E. 


SyYNopsis 


A basis for the design of steel columns is offered in this paper. The effect 
of general imperfections is represented by an assumed form of initial curva- 
ture of the axis of the column, or by an eccentricity in the application of the 
load; the loading first producing yielding in the most stressed fibers, due to 
the assumed curvature or eccentricity, is then used as the criterion for the 
-selection of the working load. 

'The proposed method is applicable to pin-ended columns’ under several 
conditions of loading, design formulas being developed for each case. In 
addition, an approximate solution is made for the case of columns in rigid 
frame construction. 

The question of shear in built-up steel columns is treated on the, same 
basis and for the same conditions of loading, formulas being developed for 
the design of lacing or batten-bars in such columns. 
| The paper represents, in somewhat condensed form, work done by the 
writer in preparing his thesis? entitled “Rational Design of Steel Columns.” 


INTRODUCTION, 


Since the time of Euler, the question of the resistance and stability of 
compression. members has been controversial. The inherent difficulty with 
the column is that slight imperfections have a pronounced effect upon its 
behavior under load. The chief factors that.affect the behavior of the column 
may be listed, as follows: (1) Imperfect elasticity of the material; (2) initial 
crookedness of the axis; (3) accidental eccentricity in the application of load; 
and (4) uncertainty of conditions at the ends of the column. Theories that 
do not take into account the extent of the effect of such imperfections are of 
little practical value to the designer. 


' \Norp.—Presented at the Joint Meeting of the Structural Division, Am. Soe. C. E., 
and Applied Mechanics Division, Am. Soc. Mech. Engrs., Chicago, Ill., June 29, 1983. 
Discussion on this paper will be closed in March, 1935, Proceedings. 

1[Instructor in Eng. Mechanics, Univ. of Michigan, Ann Arbor, Mich. 

2Submitted to the Uuiv. of Michigan in 1934, in partial fulfillment of the require- 
ments for the degree of Doctor of Science in Civil Bngineering. , 


aon 2 area Ai x oe a Bi sa. | 
, 


1422. RATIONAL DESIGN OF STEEL COLUMNS Papers 


a 


es Je 
. Las 
- 


BR) As a result of such influences as Factors (1) to (4), it is present-day 
if practice to design columns by empirical formulas. Because such formulas are 
backed by considerable experience, and because they generally use a liberal 
factor of safety, they have proved satisfactory, in most cases. The designer, 
however, has at his disposal such a variety of formulas that widely different 
results can be obtained for the same column. Curves are available* showing 
the relation between the allowable average compressive stress and the slender- 
ness ratio, as prescribed for steel columns by various building codes and’ 
specifications in the United States. Taken altogether, such curves represent 
a band across the range of slenderness ratios fully 10000 lb per sq in. wide. 
Of course, in all justification, it must be admitted that they represent a wide 
range of conditions, and each of them carries with it a number of restrictions 
upon its use, so that, finally, there is not the utter state of confusion that 
might be apparent at first glance. However, such a collection of curves is far 
from representing any unified agreement regarding the strength of steel com- 
pression members. 

Granting the sufficiency of such empirical formulas for ordinary cases, it 
seems desirable to have a more general theoretical basis for design, which 
will take into account as far as possible all necessary factors. A rational 
formula has the advantage of being consistent over a much wider range of 
conditions than the empirical formula. Furthermore, it may show how — 
Factors (1) to (4) affect the strength of the column, and thus the designer 
can make some saving in material by a careful control of workmanship or 
material; again, experiments conducted in the light of some kind of a rational — 
theory, even if it is far from perfect, can yield far more valuable results than 
experiments conducted more or less blindly. 


NortaTIon : 

The symbols used throughout the paper are given in the Appendix. An 

effort has been made to conform as nearly as practicable with the “Symbols — 

for Mechanics, Structural. Engineering, and Testing Materials” advanced: by 
the American Standards Association.‘ 


PART I—COLUMNS OF SOLID CROSS-SECTION 


1—Basts ror Desicn : 


Nature of the Material.—A typical stress-strain diagram for ordinary mild ; 
steel is shown in Fig. 1. The curve has three significant points: (1): The pro- 
portional limit; (2) the yield point; and (3) the ultimate strength. One of 
these three points is usually taken as a basis when considering allowable 
working stresses. 

At one time working stresses used in design were based on the ultimate 
strength of the material. This was illogical because, at the same time, 
stresses were computed on the assumption that Hooke’s law applied. On such 
a basis the designer had no such factor of safety against failure as = 
assumed. 


* 


a 


ee 


3 For example, see “Steel Construction,” M 
First Bdition 10880, 176 anual of the Am. Inst. of Steel Construction, 


4A S A—Z10a—1932, 
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At present, the yield point of the steel is quite generally recognized as 
the limit of usefulness. The deformation which takes place during yielding 
is generally from ten to fifteen times the elastic deformation at the propor- 
tional limit. Such yielding, while not properly representing complete failure, 
‘results in structural damage which cannot be allowed in ordinary structures. 
To analyze a structure, the ordinary equations of elasticity based upon 
Hooke’s law can be used, strictly speaking, only for stresses within the pro- 
portional limit. For stresses beyond this the true shape of the stress-strain 
| diagram (Fig. 1) must be taken into account, and the problem frequently 
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becomes very complex. In general, the effect of a slight deviation from a 
{ straight line between the proportional limit and the yield point will be small 
4 and can be safely neglected. 
__ Assuming that the material is perfectly elastic up to the yield point, and 
} interpreting yielding as failure, amounts to assuming a stress-strain diagram 
4 such as that shown in Fig. 2. It is, therefore, expedient and justifiable, in 
: : every way, to work with such an ideal stress-strain curve, and this is the 
| usual practice. Furthermore, it is present-day practice to select the allow- 
| able loads for beams, subjected to bending, on the basis of the load that first 
; produces a stress in the extreme fibers equal to the yield point, notwithstand- 
| ing the fact that the beam will not collapse completely until all the inner 
) fibers have begun to yield or until the extreme fibers have actually ruptured. 
) It is well known that a beam of I-section is much nearer complete collapse 
when the extreme fibers first begin to yield than a beam of circular or rec: 
- tangular cross-section. It is not usual practice in structural design, however, | 
to take any account of this reserve strength against complete collapse in the 
case of the circular or rectangular cross-section; but rather to take the be- 
} ginning of yielding in the extreme fibers as the criterion for design. In other 
ie words, this kind of structural damage is interpreted as failure. 
Thus, all difficulty with Factor (1) (imperfect elasticity of the material) 
| is eliminated. It will be logical to approach the problem of column design in 
the same way. To establish the logic of such a treatment, it will be con- 
venient to consider qualitatively the general behavior of columns under load 
before going into more detail. 
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A Perfectly Straight, Axially Loaded, Pin-Ended Steel Column.—l£ the 
perfectly straight, pin-ended, steel column shown solid in Fig. 3(a), is slender, 
so that the Euler load may be reached before the ‘fiber stresses become. equal 
to. the proportional limit, the load-deflection diagram is similar to ‘Curve 
OABC in Fig. 3(b). At first, as the load increases, there is no lateral deflec- 


P PR 
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. FIG, 3.—BEHAVIOR OF AN INITIALLY STRAIGHT, AXIALLY 
LOADED COLUMN. 


tion. At the Euler load, Pe, the column becomes elastically unstable and may © 
-have any small deflection. A very slight increase in load above the Euler 

value produces a large lateral deflection. (For an increase of load 1% above 

the Euler value the lateral deflection at the center becomes in the order of 

9% of the length of the bar.), As the load increases there finally comes a 

point beyond which the load necessary to maintain further deflection falls off 

rapidly. Before this occurs, however, the stresses in the extreme fibers. will | 

have passed the yield point. Point B, corresponding to the maximum load — 

which the column can carry, represents the buckling load and is slightly 

greater than thé Euler load. 

If the column is short enough so that the average compressive “stress ; 
ook equal to the yield-point stress before the Euler load is reached, the — 
load-deflection diagram will be similar to Curve ODF in Fig. 3(b). bt 
The column remains straight for. loads up to the maximum load at Point D, 
‘which corresponds approximately to the yield point, and then buckles sud-— 
denly, the load necessary to maintain any deflection falling off ‘rapidly as 
the deflection is increased. The theory of such inelastic buckling. was first 
developed by F. Engesser® in 1891. 

Initially Curved or Eccentrically Loaded, ered oer ey ‘Steel Columns. — 
When a slender column is initially curved, or straight and eccentrically 
loaded, as represented in Fig. 4(a) and Fig. 4(b), the load deflection diagram 
_ will be similar to Curve OABC in Fig. 4(c). For any value of the load there 


5 “Nie crs cas gerader Stabe,”’ von F. Engesser, Zentratblatt der Bauverwatt- 
ung, Berlin, 1891. 
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is a-definite lateral deflection. This deflection increases very slowly until 
the load approaches the Euler value, after which it begins to increase rapidly 
40 some point, beyond which the load necessary to maintain further deflection 
falls off. Point B, corresponding to the maximum load which the column can 
“earry, represents the buckling load. Before this load is reached the maximum. 
fiber stresses will have passed the yield point. 


5 (a) 


iP. — 
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Fic. 4. — BEHAVIOR OF AN INITIALLY CURVED OR BCCENTRICALLY 
LoApED COLUMN. 


Tf the column is short, the load-deflection diagram will be similar to Curve 
ODF in Fig. 4(c). Deflection. increases slowly to Point D, and then the 
column. buckles suddenly, the load necessary to maintain further deflection 
falling off rapidly as the deflection is increased. The theory of such inelastic 
| buckling for initially curved or eccentrically loaded steel columns was first 
) developed by Théodor von Karman, M. Am. Soe. C. E., jin 1910.° Professor 
» von Kérman also obtained such curves as those in Fig. 4(c), experimentally, 
» and succeeded in getting remarkable agreement with the theory. 

E The determination of the curves, as shown in Fig. 4(c), must take account 
of the slenderness ratio of the column, the shape of the cross-section, the true 
Pe characteristics of the stress-strain diagram (Fig. 1), and the manner of load- 
ing. The labor involved in making these calculations is great, and also a 
definite stress-strain diagram must be assumed. Since the variation in the 
yield point of steel for various specimens is probably as much as + 10%, 
this limitation would not seem to warrant such refinement in calculating 
buckling loads, for purposes of design, as has been outlined. 

Furthermore, due to the sudden nature of inelastic buckling, it is obvious 
that the fiber stresses have gone past the yield point before complete buckling 
oceurs:* It is doubtful, ‘therefore, whether the buckling load should be used 
as a criterion for the design of columns any more than the loads that produce 


5 6 “Untersuchungen iiber Knickfestigkeit,” Forschungsarbeiten, Nr. 81, 1910; see, also, 
“Strength of Steel Columns,’ by H. M. Westergaard, M. Am. Soe. Cc. B.,.and, William R. 
sgood, Assoc. M, Am. Soc. C E., Transactions, A. S. M E., Vol. 49-50 (Paper APM 
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50-9), 1927-28. 
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complete collapse of a beam should be used as the criterion for the aclectiall 
of design loads. It would seem more consistent to design columns on 4. 
basis of the loading that first produces extreme fiber stresses equal to the | 
yield point, as is done in the case of beams. § 

Finally, the introduction of initial curvature or eccentricity of load 
makes the column problem always one of combined bending and direct stress. 
Consider, for example, the eccentrically loaded column shown in Fig. 4(6). 
As the eccentricity, e, varies from zero to infinity, the complete range from 
pure compression to pure bending is covered. Since most compression mem- 
bers in structures are subjected to bending as well as to compression, it seems 
desirable to have one basis of design consistent throughout this range. The 
loading first producing a maximum fiber stress equal to the yield point will 
furnish such a basis. 

Basis for Design.—From the foregoing discussion the following basis for 
the design of pin-ended steel columns is proposed: Take a column with some 
definite initial curvature of the axis or eccentricity of load to represent the 
effect of all imperfections, and then use the loading that first produces yield- 
ing in the extreme fibers as a basis for the selection of the working load, 
using any desired factor of safety; that is, if Py denotes the load that first 
produces yielding due to assumed initial curvature or eccentricity, and n, the 
desired factor of safety, then the allowable working load, Pw, is to be ob- 
tained by the formula: 


2.—IMPERFECTIONS REPRESENTED BY INITIAL CURVATURE we 


The purpose of studying the behavior of an initially curved bar under. 
compressive loads will be to learn the effect of possible accidental initial 


Sn 


- Fee ay > 
Values of Load, 


Fie. 6.—NON-LINBAR RBLATION- 
SHIP BETWEEN. AXIAL ‘LOAD 
AND MAXIMUM FIBER STRESS. 


curvature on the strength of the column. Such accidental initial curvature 


of the bar may be of almost any shape. For a given initial deflection. the 
most serious condition for the bar (as far as bending stresses are concerned) 


Fie. 5.—INITIALLY CURVED PIN-ENDED 
COLUMN, 
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~ will be a curve, such that all points on the axis of the bar are displaced on 
_ the same side of a straight line through the ends. Various types of curvature 
_ satisfying this condition are the arc of a circle, a parabola, a half sine curve, 
ete. Since actual accidental initial curvature is as likely to be approximated 
- by one of these curves as another, it seems logical to assume the form that 
can be most simply handled mathematically. For this reason the half wave 
of a sine curve will be chosen. 

~ Consider a bar initially curved as shown in Fig. 5. The maximum devia- 
tion from a straight line at the center of the bar is A, and the initial deflection 
at any other point distant, z, from the left end, will be given by the 
expression : 


When such an initially curved bar is acted upon by compressive end loads, P, 
) as shown, the bar assumes a definite shape for each value of the load. 
Choosing the original of co-ordinates at the left end of the bar, the general 
~ relation between curvature and bending moment at any section will be, 


pi(-# — Sts) = — Py Se YAS Se (3) 


an* aa 

_ Equation (3), of course, holds only for a fairly flat deflection curve; also it 

is based on the assumption that Hooke’s law applies. The possibility of buck- 
ling perpendicular to the plane of bending is not considered. Substituting 


4 : the value of a from Equation (2) and letting the quantity, = q’, gives: 
eZ dx 


d’y T ea 
SEE ghigy se Sat) ASI hee ee ele tee ee (4) 
dx? os L 

Equation (4) represents the differential equation of the elastic line of the 
bar and its solution is, 


, AT’? we Ge 
AE Tea ee Baal ie co eames Fed oe oo oe (5) 
in which, C, and C, are constants to be evaluated from the end conditions of 
the bar. These constants will be: C2. = 9; and (, sing L = 0. From the 
latter of these two conditions either C, = 0, or sn gL = 0. If sing b= 0 
then either g L = 0, org Ll =i7, in which, 7 is any integer. From these 
Urs. Bed 

ieee 
= obviously holds no significance. For the second condition, P is seen to repre- 
| sent the Euler load for the bar, in which case the deflection becomes infinite. 
- It follows, then that for finite deflections, C, = 0 must be taken. Equation 
(5) then reduces to, 


two conditions either P = 0, or P a The condition, P = 0, 


2 
eee. ae ese B 8 yi (6) 
nr — gL? ib 
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Equation (6) defines the axis of the bar for any value of the load betwee 
P= 0 and P = P,. The deflection will be a maximum at the center of the 


bar. Making x = 5 , in Equation (6), gives, ? os 
¢ A 7? 
Um = iC ee ree ee ee ec (7) i 
Substituting g? ——’-, and ™ #4 = P., Equation (7) may be written: ~ 
: LD 
vt 1 8) 
Yin = aa ihn eens ae 2 (8) | 
i aha , 
Be é 
The maximum bending moment, at the center of the bar, will be P x Ym, 
“or, | “- 
Mp A Boer )pi to Jenin, only ansenow ds (9) 
pus! 
Tee . 
The maximum fiber ‘stress, in the outside fiber, on the concave side of the - 
bar will be, * 5 
P M. ’ 
< ef gia Se te ae be Re ote, one bia 08S, Sons eT 10) | 
iy sr 8 ( : 


value of Mn into Equation (10) gives, 
In =8 [ is-- 2 1. 
Le 3 
1 cenged 
L i 


in which, k = . is the core radius of the cross-section; s = P is the load 


we 7? EB 


per unit area or average compressive stress; and se — —£ : 
A Is\3 
“ r 


of the core radius, /, makes possible a simple interpretation of Equation (ita | 

If a short block is compressed by a load, P, applied with an eccentricity, 

e = A, the maximum compressive stress from Equation (10) becomes, fm 
P. 


igi (: +4), The term, =, then represents the ratio of the bending stress _ 


to the direct compressive stress. The term, Had We , in Equation (11), 


y ae 
Se 


may now be considered as a magnification factor which shows the effect, on 


# 
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the bending stress, of taking into account the deflections of the bar. The 


é A B 
ratio,. ae will be called the eccentricity ratio. Equation (11) gives the maxi- 


_mum fiber stress for any given value of the load, P, and any amount of initial 
curvature as represented by A. i 

: Making fm = fy and, at the same time, denoting the corresponding average 

“compressive stress by sy, Equation (11) may be written: 


fy (12) 


ASS 5 Gen np Rey ial ae eee ad OB as a ae ( 
nes 
k fo 
Se 
which gives the load per unit area first producing a maximum fiber stress 
equal to the yield point. 

If values of fm computed from Equation (11) are plotted against the load, 
ae a curve such as that shown in Fig. 6 is obtained. It is seen from this 
curve that no proportionality exists between load and maximum fiber stress. 
_ This means that merely to assume a safe working stress, say, one-half the 
yield point (Fig. 6), and to use this in Equation (11) to compute the safe 
working load, is not permissible. Any desired factor of safety, however, may 
‘be incorporated directly into Equation (11) as follows: Assume that Pw is 
} the allowable load and n is a factor of safety, such that the maximum stress 
! “becomes equal to the yield point when the load becomes equal to n Pw. If, 
} in Equation (11), the load per unit area, s, is replaced by n sw, and, at the 
/ same time, fy is substituted for fm, Equation (11) becomes: 


He: LION Gs 8 Tee OF ee ea BS ae (13) 


The value of s» computed from Equation (13) will always be such that n 
times this value will produce a maximum fiber stress equal to the yield point, 
) and, hence, the desired factor of safety is realized. The appearance of n in 
the magnification factor then takes care of the lack of proportionality between 
oad and fiber stress. This manner of. incorporating a factor of safety, n, in 
formulas similar to Equation (13), was proposed by K. S. Zavriev,’ who also 
~ ealeulated tables of allowable average stresses for various kinds of combined 
bending and compression of bars. 
Curves may also be plotted from Equation (12) for any given value of fy 


\ 


hy 


~ and various values of the eccentricity ratio, a . These curves will show the 


average compressive stress, Sy, as a function of the slenderness-ratio, — , at 
r 


E which yielding will first begin. Any desired factor of safety, n, may also be 
obtained: by*simply dividing the value of sy, read from the curve, by the de- 


7 Bulletin, Soc. of the Engrs. of Technology, St. Petersburg, 19138. 
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sired factor of safety. Such a set of curves for a steel having a yield point 


of 36000 lb per sq in., and values of 3 ranging from 0 to 1.0, is shown in 


Fig. 7. 
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Fie, 7. a SARL POINT Loap .FoR VARIOUS ECCENTRICITY RATIOS; INITIALLY 
CURVED COLUMN. ; 
3 
It will be interesting to compare the values of the average compressive — 
stress that first produce yielding with those® that cause buckling (complete { 
failure) of the column, as discussed in Section 1. In Fig. 8, this comparison — 
is made for the same steel, having a yield point of 36 000 lb per sq in., a pro- 
portional limit of 30000 lb per sq in., and values of the eccentricity ratio 
ranging from 0.0 to 0.9. The curves for buckling apply only for columns of 
rectangular cross-section. For columns of I-section, the difference between — 
corresponding curves will be less. The solid line curves show the value of } 
"average compressive stress at which yielding first begins, whereas the broken — 
lines represent complete buckling. It will be seen from a study of these curves 


that for large values of = (more bending in proportion to direct stress), the ; 


buckling load is considerably greater for medium long columns than the yield- — 


point load. As % decreases, the difference between corresponding curves" 


‘ee> : ; i : 
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B becomes less. For values of . less than about 0.1, Equation (12) Sivas 


“values of the load greater than the buckling load. This discrepancy on the 
_ side of danger, for nearly perfect columns, is of no consequence, since in 
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Fic, 8.— Comparison Brtween YISLD-PoINT LOAD AND COMPLETN BUCKLING 
Loap; INITIALLY CURVED COLUMN. 


_ the practical design of columns allowance will have to be made for values of 
| ; - greater than 0.1. In general, it may be stated that the ‘difference be- 


tween the yield-point load and the load for complete collapse is always less 
~ for columns than for beams. . 

_ Design of a column by the trial and error method may now be made readily 
by the use of the curves in Fig. 7. The only factor difficult to decide upon is 


the proper value of the eccentricity ratio, - , to be used. It has been 


shown’ that the effect of any small accidental eccentricity of load on the 
} column can be represented by some definite curvature of the axis. All imper- 
 fections of the column are then representable by some “equivalent curvature.” 
‘Deviation from a straight line, of the axis of the column, due to accidental 
erookedness undoubtedly increases with the length of the column. It seems 


8“Columns,” by E. H. Salmon, Oxford Technical Publication, p. 152. 
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logical, therefore, that the eccentricity ratio selected to take care of such 
imperfections should be some function of the length. The proper function 
can be determined only on the basis of carefully conducted tests. Professor 
H. Kayser,’ by working backward from test results to find the amount of 
initial curvature which must have been present, found values of A ranging 
from ven to ate . He recommended the use of A = rb as a safe allow- 
400 1 000 400 
ance for the effect of imperfections. E. H. Salmon® has made a study of this 
question and, on the basis of tests made by a number of experimenters, 


L 


recommends the use of a value of A = ——. 
750 


From the curves in Fig. 7 it is possible to derive a single curve for any 
given relation between A and LZ. For a steel having fy = 36 000 lb per sq in., 


and A = =e and A = pie , four such curves are shown in Fig. 9, for 
400 1 000 
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Fie. 9,—PrOPOSED DESIGN CURVES FOR PIN-ENDED CoLUMNs. 


I-sections; that is, having all the material concentrated at the radius of ; 
gyration from the axis. Granting that a column of I-section is not likely to 
have any more initial crookedness than one of rectangular cross-section of 
the same length, it is seen that the I-section is more efficient in this respect. 
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i 18 


i 
gS Civil Engineers. ay, 
: 5 American Railway NI 
a Engineers Association Sacked 
av 
x 
‘c ~ Boston, Mass. 
s 8 
ie 
° 
wo 
ovo 
2 
2 
as 6 
4 


a 

em” 

December, 1934 R 

u %. RATIONAL DESIGN OF STEEL COLUMNS 14383 


4 i 2 x 
For A = ened two curves in Fig. 9, plotted with a factor of safety, 


“m = 2.25, are shown in Fig. 10 in comparison with standard American specifi- 


eations for column design as approved by the Society,’ the American Railway 


“Engineering Association,® and the City of Boston, Mass.* (The value, 2.25, 


is selected to make the result comparable with the usual standard formulas 
based on a working stress of 16 000 lb per sq in.) 
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Fic. 10.—Prorosmp DrsiGN CURVES COMPARED WITH STANDARD FORMULAS. 


3.—IMPERFECTIONS REPRESENTED BY ECCENTRICITY OF Loap 


The effect of slight imperfections in straightness of the axis and central 


application of load, has been studied in Section 2 on the basis of some definite 
amount of “equivalent curvature.” These imperfections can also be repre- 
' sented by some “equivalent eccentricity” of load on a straight column with a 
1 given amount of eccentricity, e. ‘The most serious condition (for direct and 


bending stresses) will be obtained when the eccentricities are on the same 
side as shown in Fig. 4(b). For any value of the load, P, the bar assumes a 


- definite shape and the maximum fiber stress, which occurs at the mid-cross- 
section, is given by the well-known secant formula which may be written in 
) the form: 


a 4s, py dont s Ys 
nag sf ar ie we (4 V5) lemurs et REET (14) 
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When the maximum fiber stress is taken equal to the yield point, Equation ~ 


(14) may be written, 
fy 


PD hee peer pes era ee ee ee (15) 
L 8 
{it ser £y%) 
k @ EL 


In the same manner as before, any desired factor of safety, n, can be 


incorporated in Equation (14) giving: 


ERE a rae ee ras ES TS a ee a ent do te Sn 6 
L ns 
n+ sed AN *) c 
k (2: E 


Curves, almost identical with those plotted from Equation (12) (Fig. 7), 
may be plotted from Equation (15). 

Due to the transcendental function which appears in Bhxastion (15), it is 
not so readily solved as Equation (12). Approximations of Equation (15) 
have been suggested, which eliminate the secant function, but this simply 
reduces it to the same form as Equation (12), which is just another way of 
stating that the effects of eccentricity and initial curvature on the strength 
of a column are approximately the same., Since the imperfections which are 


to be represented by the eccentricity ratio, = , are of a highly indeterminate 


nature, there is no particular reason for representing them by “equivalent ec- 


céntricity” when they can be equally well represented by “equivalent 
curvature.” 


4.—GENERAL Case or Ecorntric Loapina 


The General Eccentricity Formula.—The secant of formula, discussed in 
Section 3, is in reality only a special case of eccentric loading in which the 
eccentricities are equal and on the same side of the axis (Fig. 4(b)). In gen- 
eral, a column may be loaded eccentrically, as represented in Fig. 11. In 


Ry 


° R, 


Fic, 11.—Gnnprat Casp or ECCENTRIC LOADING. 


the diagram the eccentricity, e, at the left end is understood to be the larger 
of the two and is considered as positive, while e,, the smaller eccentricity, 
is considered either positive or negative as it is on the same side as eé, or on 
the opposite side. 

An analysis of this case shows that as long as the load is less than a cer- 
tain value, which will be denoted by Py, the maximum bending moment, and 
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“consequently, the maximum fiber stress, occurs at the left end and is simply 
obtained from the equation (for P < Py): 


pe tf eS 
In = = (1+ ) BS ft oe. GRO ASSN RAR Se (17) 


The value of Pg is given by the equation: 


OP er _ (cose a) at 


y= S 


a Take dak eal Wea 
, 


is a itn € : b i 
1 in which, a = — , and may vary from + 1.to — 1. Curves representing sq 
0 


J : L : 
as a function of — for various values of a, can be drawn similar to those 


e 
shown by broken lines in Fig. 12, which are for a = + 0.5 anda = — 1.0. 
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Fig, 12.—Yimup-Point Loap For VARIOUS HCCENTRICITY Ratios: (a) ECcEN- 
TRICALLY LOADED CoLUMN (@)¢= + 0.5; (b) 2 = — 1.0. 


In the case of a = — 1.0 (Fig. 12(b)), this curve coincides with the Euler 
curve. 
From Equation (17), may be written (for P < Pa): 


which serves as a basis for design loads, as long as it gives a value for the 
average compressive stress less than the value given by Equation (18). Look- 
ing at this limiting case in another way, by making sq in Equation (18) equal 


to sy in Equation (19) and solving for the corresponding value of [ =| 
r 
qa 
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Bie ~ow'y VE(4 8) (1 “ <:) 


Thus, as long as the slenderness ratio i ae column is less than the value 
determined by Equation (20), Equation (19) may be used as a basis for 
design. It is seen that, especially for negative values of a (bending in a 


; PS i 
reverse curve), the Lo range within which Equation (19) may be used, is 
r 


very large. 

This much of the analysis, for loading as represented Iny Liga) 1a was. 
presented by CO. N. Ross, in 1927, who applied it to the case of secondary 
stresses in truss members.” i 

Referring again to Fig. 11: When the load, P, reaches a value greater than | 
P,, the section of maximum bending moment, and, consequently, of maximum — 
fiber stress, occurs at some intermediate point along the column. As a result — 
of this fact the maximum stress is now a function of the deflection of the : 
axis, and Equation (17) is no longer valid. An analysis of this case” leads _ 
to the equation (for P > Py): 


e 


Jacsos [ ear Gh ese 6) | PAs Oca ee MR 6% 2 (1) 


= 2 
in which, ¢ = “ Ne ,and yy = A/a*—2acos¢+1. As before, mee 


tin =f 9, 800 faa the corresponding value of average compressive stress 
by sy, gives (for P > Py): 
5 


pfoe ak a ieee eee Aa Be 1. (22) 


+ =itv ese $) 


which serves as a basis for design loads for all cases to which Equation (19) 
cannot apply. It will be seen that when a = + 1 (equal eccentricities on the 
same side), Equation (22) will reduce to Equation (15). 


For various values of a = & curves may be plotted from Equations (19). 


€o 
and (22), which will show the average compressive stress, at which yielding 
first begins, as a function of the slenderness ratio of the column. For a steel — 
having fy = 36000 lb per sq in., and values of a = + 0.5 and — 1.0, char- 
acteristic curves are shown in Fig. 12. 
For practical purposes, a set of these curves for values of a progressing at. 
intervals of 0.25, between the values of + 1.0 and — 1.0, can be drawn by the . 


70 “Equivalent Eccentricities Due to Secondary ‘Stresses,’ C, N. Ross, Trans E 
Inst. of Engrs. of Australia, Vol. VIII (1997), p. 8 sie dire 


-11See the writer’s paper entitled, “Stresses ee pears Fi Loaded whee Columns,” 
of cea ag International Assoc, for Bridge and Structural Eng., Vol. Ueiieht 1932, 
p. 5 
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‘Successive solution of Equations (19) and (22). Results for intermediate 
‘values of a can then be interpolated from these curves. 

Allowance for the usual imperfections may be made in this case by the 
j use of an “equivalent eccentricity” rather than “equivalent curvature.” These 
“accidental factors may occur in any form, and, therefore, the “equivalent 
eccentricity” should be chosen in the same direction at each end, since this 


is the most serious type. Using a value of, say, e = iL , this “equivalent 
400 


| eccentricity” can be determined for any given column. Superposing this 
| value of e at each end on the actual eccentricities, e, and e:, will simply give 
| modified values, e’, and e’:, to be used in determining a. This modified value 
{ of a will then be used in selecting the yield-point load from the curves such 
| as those in Fig. 12. The design load is obtained by dividing by the desired 
factor of safety. 
i Columns in Rigid Frame Construction.—One of the most important cases 
of column action to the structural engineer occurs in rigid frame construc- 
tion, examples of which are shown in Fig. 13. Due to the elastic action of 


Fic. 13.—THn COLUMN IN RIGID FRAME CONSTRUCTION. 


other members meeting at a joint, such a column acts intermediately between 
} pin-ended and completely fixed-ended conditions. The determination of the 
j actual condition requires the use of a theory of the stability of a system of com- 
pressed bars. Such a theory has been developed by Mises and Ratzersdorfer.” 
Their treatment, however, is based on the assumption that the material always 
behaves elastically and it does not determine the stresses that may arise, but 
rather considers only the problem of the elastic stability of such a system. 
Furthermore, its application to any system except the simplest becomes 
extremely laborious. 
Since most compression members encountered in structural engineering are 
‘comparatively short, the maximum fiber stress is usually the governing factor 
jn design rather than the elastic stability. In order to determine the stress 
that may occur in a column in a truss, consider the member, Lo U:, shown 


. 12“Uber die Stabilititsprobleme der Elastizitiitstheorie,’” von R._V; Mises, Zett- 
schrift fiir angew. Math. uw, Mech., Vol. 3 (1923), pp. 406-422; also, “Die Knicksicher- 
heit von Rahmentragwerker,”’ von R. v. Mises und J. Ratzersdorfer, Zeitschrift fiir angew. 
Math. u. Mech., Vol. 5 (1925), p. 218, and Vol. 6 (1926), p. 181 


Pes 
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in Fig. 13(b). In addition to the axial compressive force, P, there will be 
secondary end moments, M, and M,, arising due to the elastic action of the 
other members. 

An analysis of the maximum bending moment that may occur due to this 
loading, can be made in exactly the same manner as in the case of the type? 
of loading represented in Fig. 11. The resulting equations for maximum) 
bending moment will be: 


as long as $ < &q, in which, 


éa= FANN CORE aoe (24) | 

G) 
and, 
Mott Geese v(#) wp om dhvipt tepobatherd (25) 


when s > Sq. In Equation (25), ¢ = £ v2 , as before. 
T , 


Using Manderla’s exact. method for computing secondary end moments, 
which is well known, the values of M, and M, can be expressed in terms of 
the axial force,’P, for any given truss.. In this way the loading that may 
first produce a maximum fiber stress equal to the yield point of the material 
can be established. The writer has made such calculations for several simple 
cases, but the labor involved is considerable even for two-member and three- 
member frames. $' 

It is the usual practice, in computing secondary end moments, to neglect | 
the effect of the axial load, P, on the lateral deflections produced in the bar. 


It is generally indicated that truss members are usually of such proportion 


that the effect of the axial force, P, in modifying the secondary end moments, 
is seldom more than 6% and usually much less.“ In view of this fact, the 
excessive labor involved in using Manderla’s exact ‘method is scarcely con 
sidered justifiable. : 
Neglecting the effect of the axial force, P, on the deflections (in com- 
puting the values of secondary moments) amounts, however, to assuming that 
these moments increase in direct proportion to the axial force, P; that is, by 
making this approximation, the effect of the secondary end moments in Fig. 
18(b) may be represented by the type of loading shown in Fig. 11, in which, 
é and e; will be such that P X e = M, and P x e, = M,. Thus, columns 
in rigid frame construction may be designed on the basis of such curves as 
those presented in Fig. 12. 


13 “Statically Indeterminate Stresses,” by John I. Parcel and George A. Maney, Mem- 


bers, Am. Soc. C. B., John Wiley & ‘Sons, p. 321. 
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The procedure will be as follows: From the usual approximate method of 
calculating secondary end moments, the values of M, and M, for each mem- 
ber are determined. Dividing each by the axial force, P, the values of e. and e 
are obtained. To make allowance for the effect of initial curvature and im- 
perfections in general these values should be modified, as discussed previously, 


ibefore computing a = to be used in selecting the average compressive 


e's 
e'o 
stress, sy, from the curves (Fig. 12). 

In the case of slender members this method of procedure will result in some 
‘error (on the side of safety, however). As was mentioned previously, Ross has 
| proposed this same method of procedure for the design of compression mem- 
‘bers in trusses. He made a study” of a large number of existing structures of 
Jall types and found that in the great majority of cases the secondary end 
} moments gave values of a such that the member came within the range of 
} Equation (19) rather than Equation (22). Stated in another way, the slender- 
ness ratio of the member was usually less than the value given by Equation 
{ (20). In all such cases, of course, the use of the curves (Fig, 12) represents 
no error at all. In practical cases, when the slenderness ratio is not less 
i than the value determined by Equation (20), the error involved will usually 


4 be small and certainly on the side of safety. 


PART IL—BUILT-UP STEEL COLUMNS 
5.—Errect oF SHEAR IN Buitt-Up CoLumMNs 


Stability—Columns, as used in engineering structures, are frequently 
| made of channels laced together by lattice-bars or batten-plates, as shown in 
| Fig. 14. When such a column deflects laterally under load the cross-sections 
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Fic, 14.—BuiLt-UP Fie, 15.—PossispLe TYPpsS or INITIAL IMPERFECTIONS. 
COLUMNS. 

ndicular to the end loads, and shearing forces 
a column having a solid cross-section, the effect 
but in the case of built-up columns, the 


o shear must be taken into account. 


} of the bar are no longer perpe 
are introduced. In the case of 

) of such shearing forces is negligible, 
) effect of the additional distortion due t 


. Vol. 12, 1930. 
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An analysis“ of built-up columns shows that the critical load at. whic 
elastic instability occurs can be represented by the Euler equation in terms 
of a fictitious column having a length, L’, thus: 

wv KI 
(L’)? 
For the lattice-bar column (Fig. 14(a)), the fictitious length is given by the 
equation: 


a Heng; tenn Ed al als eines a 2 ) cr ad 2 (27) 

LD sin w cos? w HE Ag ak Ay 

in which, L = the true length of the column; w = the angle between batten- 
bar and diagonal; Ag = cross-sectional area of two diagonal bars; A» = cross- 
sectional area of two batten-bars; @ = unsupported length of channels; and, 
b = distance between gravity axes of channels. For the batten-plate columm 
(Fig. 14 (b)), the fictitious length is given by the equation: 


5 1°-F 


ered a,b art a a K,a ) 
L? 12BT» 4524 Bde) 30.4.0 'A, G4 


in which, a = distance center to center of batten-plates; b = distance between 


gravity axes of channels; J; = moment of inertia of one channel about 
its gravity axis; J, = moment of inertia of two batten-plates, with respect to 
gravity axis of bending; A» = cross-sectional area of two batten-plates; 


K. = a coefficient = 1.2 for rectangular batten-plates; and G = shearing 
modulus for the battens. i 

The derivation, upon which these fictitious lengths are based, assumes an 
infinitely large number of panels. Practically, however, their use will give 
good results for a very limited number of panels. The specifications of the 
American Railway Engineering Association require that the slenderness ratig| 


of the unsupported length of channel shall not be greater than — = 40, ) 
T. 
From a series of tests made on batten-plate columns, Kayser™ concluded thal 
Equation (26) gave results in good agreement with the tests for spacings of 
batten-plates considerably greater than the foregoing requirement. 
A built-up steel column may be designed on a basis of the yield-point load 


obtained from the upper A — -curve in ie: 9 by using the scl 


length, L/, as determined from Equation (27) or Equation (28), instead of te 
true length. Of course, the use of this curve, in which the initial curvatur 

to represent the effect of imperfections has been taken as a function o 
the length, will amount to assuming the imperfections as a function of th 
fictitious rather than the true length. This will only result in giving a slight 


44 “Strength of Materials,” S. Timoshenko, Pt. II (Van Nostrand), p. 592. 
% ““Knickversuche mit tie ie a Rahmenstaben,” von H. Kayser, Bautechnik, 
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additional factor of safety which is probably not out of order for built-up 


columns. 


Effect of Imperfections on. Shearing Stresses.—lt is present-day practice 
to design the lacing or batten-bars, empirically, to resist possible shearing 


” forces. For example, the A.R.E.A. Specifications require ‘that the lacing-bars 


shall be designed to resist shearing forces not less than 0.025 times the total 


compressive force on the column. 
In discussing the design of lattice-bars and battens to resist possible shear- 


ing forces, it seems logical to proceed as before and assume, as a basis of 


computation, an imperfection in the form of initial curvature or eccentricity 
of load. When this has been selected, it will be possible to evaluate the 


maximum shearing force that arises for any value of the compressive load, P. 


This maximum shearing force will then be calculated for the value of the load, 
P,, which first causes yielding in the extreme fibers. The shearing force thus 


calculated will be used as a basis for design. In this way the strength of the 


column in shear will be consistent with its strength in bending and thrust. 
The imperfections should now be taken in the most serious form, as far as 


_ shearing forces are concerned. Possible types of such initial imperfections are 


represented in Fig. 15. Further consideration of some of these initial condi- 


tions to represent imperfection can be ruled out. 


First, consider the imperfections as represented by the half wave of a sine 
curve shown as Case a in Fig. 15(a).. For any value of the load, P, there 
will be a definite value of the angle, 0, at the end, and the maximum shearing 


force occurring here will be, V = Psin 6. In the second case, when the initial 
-eurvature is taken as a full sine curve (S-shaped), it will be logical to assume 


_& as the same function of 2 instead of L, and each half of the column will 


_ be identical with the previous case. However, since the column will buckle 


in one wave (regardless of its initial shape) at the Euler load for the length, 


_ Jj, this case can never give rise to as great shearing forces as Case a. Case c, 


- eross-section and equal to 


likewise, will never be as serious as Qase a because, at the load producing 


failure, the maximum bending moment at the center must be approximately 


the same for each case. In Case a this moment is P X y, while, in Case c, 
itis P (y + e); hence, y (and, consequently, 6, at the end) will always be less 


~ for the eccentrically loaded column. If @ is less, the shear, P sin 6, will be 


less. 
Case d only, then, needs further consideration. When the eccentricities 


are chosen on opposite sides of the axis, definite horizontal reactions, aoe ; 


- arise at the ends. Remembering that 6 will be a small angle, it is seen from 
“Case d, Fig. 15, that the shearing force will be a maximum at the center 


2 ¢ + P sin 6. It is possible that this condition 
L 


4 


Paperss 


| 
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may. introduce greater shearing forces than will initial curvature. Cases ai 
and d, in Fig. 15, will now be considered in more detail. 


6.—SHEAR Due To ImpERFECTIONS REPRESENTED BY INITIAL CURVATURE 


Considering Case a, Fig. 15, the equation of the elastic line is represented | 
by Equation (6). Taking the first derivative of this equation with respect to) 
x will give the slope at any cross-section as, 


aggttnit tka spy a teh 2 ee os es cone Oe ee (29) ) 
dx wm—_vL’? L L 
This will be a maximum at the end, where x = 0, and hence, 
A Tr? T 
bens Os, a= Le PRES EU eae eee eee (30) | 
r—@L L 
2 
Substituting the values, gq? = = and P, = Sa Equation (30) aa be: 
written, 
tan 6,, = hero! Wesrosangightasiia? Bak . (31) | 
L pais 
Se 


Since the maximum shearing force is V = P sin 6m = P tan 6m (for small 
angles), Equation (81) may be written: 


For any given slenderness ratio, L , the value of s, at which yielding first 
. 


begins, is given by Equation (12). For a fixed value of L , this formula 

‘ 
may be considered as representing the relation between the average compres- 
sive stress, sy, for yielding, and the amount of initial curvature as represented 
by A. Solving Equation (12) for A and substituting the value obtained’ into 
Equation (32) gives, 


\ 


y=  (fy— Sy) 


ae oe oho oa ee oe , (33) 
L ; 
k : I 


Equation (33) gives the maximum value of the average shearing stress which 
the details are called.upon to resist when the column is at its yield-point load, 


and, consequently, represents the desired basis for design. : 


> 


When = = 0,s = fy, and Equation (33) is seen to become indeterminate, 


To evaluate vy for this case, £ in Equation (32) may be made equal to the 
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_ chosen ratio (for example, = = oe ) for which Equation (32) becomes, 
V ei 1 
(Dies! Ee a Se ee ene hap rma C5 34 
A 400 pes Be) 
Se 
from which, the value of vy for 2 = 0 is seen to be, vy = fy Ly 
400 


It is interesting to note in this connection that while the effects of initial 
curvature and eccentricity of load on the bending stresses are approximately 
the same, this is not the case with regard to shearing stresses. Initial curva- 
| ture is considerably more serious for shear, due to the fact that to begin with 
there is some definite slope at the end, while in the straight bar, eecentrically 
 Joaded, this slope at the end must be built up by the load. 
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Fic. 16.—AverAcn SHBAR Stress Dur TO VARIOUS IMPERFECTIONS. - 


Taking values of sy from the curves in Fig. 9, in which k = 7, values ot 


vy may be computed from Equation (33) for various values of L , and auy 
é i, 


given ratio of A Tn this manner, curves may be plotted showing how the 
L 


. ; , ne : jand i L 
maximum average shearing stress, vy, varies with the slenderness ratio, —, 


r 
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From an examination of these curves it is seen that the maximum shear 
oceurs for columns having a slenderness ratio of about 130, which is greater 
than the usual allowance for slenderness made by specifications. For columns 
of the usual proportions the maximum average shearing stress varies from 
about 300 to 550 lb per sq in. in the case of the more severe allowance for 
imperfections. In Fig. 16, for purposes of comparison, a curve is shown which 
represents the A.R.E.A. Specifications of 1925 and a curve representing an 
older A.R.E.A. Specification. It might be judged that the new specification 
was unsafe for slender columns, but it must be remembered that this same 


specification limits the slenderness ratio of main compression members to 100 
or less. 


47.—SueEar Dur To IMPERFECTIONS REPRESENTED BY ECCENTRICITY 


Considering imperfections represented in the form of eccentricity of load, : 
as shown in Fig. 15 (d) and proceeding in the same manner as in the previous 


ease (Section 6), the maximum angle, 6, at the middle cross-section is given 
by the equation: 


bon Bc 4 ides Sai 


Sar Tee RNR | (35) 

sin qh 

2 i 

The maximum shearing force at the middle cross-section is, ¢ 
: 

V=i"* + Posing SA ee eee (36) 


Remembering that, for small angles, tan 6 = sin 6, and substituting Equation — 
(35), Equation (36) becomes, 
ya ef abs 
L sin qh 
2 . 
‘which gives the maximum shearing force for any value of the load. 


It is interesting to note in connection with Equation (37) that 2ofn8 


represents the shearing force at all cross-sections if deformation of the bar i 


is neglected. Assuming that q = Ve is very small, the term in the brackets 


in Equation (37) becomes equal to 2. However, as the load, P, is increased, 
this factor increases until when P reaches the Euler value it becomes equal 
to x. That is, for slender columns, where the load may reach the Euler value 
before the maximum fiber stress reaches the yield point, the shearing force | 
_ may become 57% greater than the value that would be obtained by neglecting 
deformations. 


Considering Equation (87) again, and dividing both sides by A, will give: 


jas eran meee (38) — 
L aL cern eos erences . sh shes e igerays " { 
sin 
2 
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ie In this case where the effect of imperfections is being represented by the 
particular type of eccentricity represented in Fig. 15(d), it will be more 


reasonable to use a constant value of e than to take it as a function of the 


| length, since for a short column there is just as much chance for accidental 
| eccentricity of load as for a long one. 


For this case, a = —1, and the value of s at which yielding begins, is 
given by Equation (19). Solving Equation (19) for the eccentricity, e, and 


~ substituting the value obtained into Equation (38) gives, 


P pa Sy ee) gL ; (39) 


k 


\ : . : ; eee 
Comparing Equation (39) with Equation (83), it is seen that for slender. 


columns they give about the same result. However, for short columns, Equa- 
tion (39) may give considerably higher values for the average shearing stress. 
In Fig. 16 are shown four curves plotted from Equation (39), assuming 


an extreme I-section (&k = 1), for eccentricity ratios, i = 0.2, 0.3, 0.4, and 


0.6. From a general study of all the curves in Fig. 16, a constant allowance 
for shearing stresses of 600 lb per sq in., in accordance with the old A.R.E.A. 
Specifications, would seem to be justifiable. 


8,—SHEAR IN THE GENERAL Qase or Eccentric Loapine 


Shear Stress at Yield-Point Load.—From an examination of the curves in 
Fig. 16 for equal eccentricities on opposite sides of the axis, it is seen that, 
for short columns, the shear arising due to such loading may be considerable. 
In the case of short stocky members in rigid frame construction, where large. 
secondary end moments may arise, it seems advisable to know something about 
the possible extent of such shearing forces. The brief analysis’ made herein 
will be for the equivalent case of eccentric loading, as considered in Section 4. 


Ry 


& 


—_— “1 
beet | 
. L 


Fic. 17.—GmNERAL CASE OF Eccentric LOADING. 


Consider the pin-ended column with eccentrically applied end loads, as 
shown in Fig. 17. The eccentricity, @o, is taken as the larger so that in Fig. 


11(a), 2 = & > 0, and in Fig. 17(b), a = & < 0. By the ordinary pro- 


0 0 


ie For a detailed analysis, see the writer’s paper, “Shearing Stresses in Steel 
Columns,” Publications, International Assoc. for Bridge and Structural Eng., Vol. II, 


Zurich, 1934, p. 480. 
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cedure the slope of the elastic line at any point, distant « from the left end, 
is found to be: 


wy — _gesngztqe Ceo ge POE TE ds Lose8 Bat AAO) 


one sin q L tan gis dst de 


For a > 0 (Fig. 17(a)) the maximum shearing force will occur at the end 
of the column where z = JL, and will be: 


(eee Uap |] ik ad A eae (41) 
L dx z=L 
For a < 0 (Fig. 17(b)), the maximum shearing force will occur at the 
inflection point some place within the column and will be, 


P (€@) — @1), 1 [| 
VP be flr Saas alas walle atin 42) 
L dx max ‘ 
Substituting the values of Ea anal 2] into Equations (41) and 
; f z=L dx max 4 
(42), respectively, and dividing through by A, gives: 
For a > 0: 
v= so Bese ¢ Ba coin So en Sole ae (43) 
and for a < 0: 
psig fs Pip cso Po esirten gs. Llane ua ¢ -. (44) 


yy 


in which, ra =a aihich 1 — «cos ¢; and y = Va —2acos¢ +1. 


For any given value of « = “ the average shearing stress may be computed from 
7) 
Equation (43), or Equation (44), for any values of s and ep. 
It is desired to evaluate this average shearing stress for the particular 
load that first produces yielding in the extreme fibers. The corresponding 
values of sy are given by Equations (19) and (22), in Section 4. Solving 


these formulas for e, and substituting the values obtained into Equations (43) 
and (44) gives: 


| wtdien dB 
aT Shes saat \ ; y= AL Ls A Raa ble sielivls 016. = wie. ¢ ee aieis oe 
s Laika) Gee bP a ae ae (45) 
? k 
in which, F is a numerical factor as follows: ~ : oS 
__ For a> O,and P< Pg: ). chins Bei it 
a F = ¢$ Bose $......... seri oe :. (46) 
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a Hora > 0, and P >: Py: 


For a < 0, and P < Py: 
| aera manors mee lll See. (48) 


and for a < 0, and P > Py: 


_ Assuming an extreme I-section (k = 1), and a steel for which fy = 36 000 
lb per sq in, curves similar to Fig. 18 may be plotted from Equation (45), 


40 60 100 f 200 

} Values of Slenderness Ratio, L 
)- Fie. 18.—AverAcr SHAR STRESS DuE To HCcENTRIC LOADING: (@)4 = + 0.5; 
(d 1.0. 


= 


showing v, as a function of the slenderness ratio for various values 
1 (7 A A 
of a and —. . Such curves may reasonably be used as a basis for the design of 


i lacing or batten-bars in the case of short compression members in rigid frame 
iconstruction, by using the secondary end moments, calculated in the usual 
| approximate manner, to determine values of a and é. 

_ Absolute Maximum of Shear Stress—From Equation (43) and (44), it is 
evident that, for a given slenderness ratio, there will be a particular combina- 
tion of load and eccentricity (to produce yielding) for which the average 
shearing stress will be an absolute maximum. Since the eccentricity, e., has 
| already been expressed in terms of the load in Equation (45), this equation 
may now be differentiated with respect to s and the derivative set equal to 
zero, to determine s as a criterion for absolute maximum shear. This pro- 
, cedure yields the following criteria for determining s: 


For a > 0, and P < Py: 


ne 38 =¢ E ¢ — a sin *] MESte cre etree Giriee (50) 
y—8 


See Seen s ee Ve ag 45 eS Lt a ‘ a Wie aid ue pe Td 
vy * i ) 
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For a > 0, and P > Py: 


lic 8 


fy—s 
and for a < 0, and P > Py: 
fy 


e. = 


Equations (50) to (53) may be solved graphically and the resulting s - criteria 
for absolute maximum shear shown by dotted curves such as those in Fig. 12, 

When the criteria call for s = 0 (Fig. 12) this must be interpreted as 
meaning an infinitely small axial force at an infinitely large eccentricity. In 
other words, for short columns, bending by reverse couples at the ends is 
the worst possible type of loading for shearing stresses. It is interesting to 
note that for the particular steel chosen (fy = 36000 lb per sq in.), these 


curves intersect the Euler curve at # = 157. This means that in the case 
Fs ( 


of slender columns the worst possible type of loading for shear is an axial 
load without any eccentricity. For the intermediate columns the criteria 
require some combination of thrust and bending to produce the worst con- 
ditions for shear. 

Using the values of s from these curves in Equation (45), the curves off! 
absolute maximum shear for the various values of a considered, have been 
plotted in Fig. 18. In each diagram, this curve of absolute maximum shear. 
stress is shown by the dotted line. - 

The absolute maximum shear runs fairly high, especially for negative 
values of a. Therefore, in the case of short compression members in rigid — 

frames, it would seem more advisable 1o use the actual values of e, and a ob- 
tained by secondary stress calculations in determining the shear stress, than 
to try to make some blanket allowance for all cases. The usual additional 
allowance for the effect of imperfections should be made in the same manner | 
as.outlined in Section 4. In this case, however, eccentricities on opposite sides, 
of the axis to represent imperfections would be superposed on the actual ec-_ 
centricities, e, and e,, to give the modified values to be used in determining a. 
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SUMMARY 


Although, in this paper, the writer does not pretend to solve, completely, 
the problem of column design, he offers what is believed to be a more logical 


_ basis of procedure than is represented by present-day practice. It is recom- 
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“mended that, as a basis of calculation, some imperfection in the form of an 
initial curvature or eccentricity of load be taken, and then that the working 
load be selected on a basis of the load first producing yielding in the extreme 
fibers due to the assumed form of imperfection. 

For pin-ended columns the final proposal for a basis of design is repre- 


| sented by the curves for A = in Fig. 9. For columns in rigid frame 


‘construction, in which secondary end moments arise due to the rigidity of 
the joints, it is proposed to use a set of curves such as those illustrated by 
) Fig. 12 as a basis of design, in which the values of a and e, will be deter- 
} mined by the usual approximate method of calculating secondary stresses. 

_ For pin-ended columns, which are built up with lacing or battens, an 
average shearing stress of 600 lb per sq in. is proposed as a basis for the 
) design of the lacing or battens. 

| For built-up columns in rigid frame construction, it is proposed to use 
} curves such as as those presented in Fig. 18, as a basis for the design of 
‘lacing and battens, in which the values of a and e, will be found from the 
secondary stress calculations. 


APPENDIX 


Notation 


The following symbols conform as nearly as practicable with the “Symbols 
for Mechanics, Structural Engineering, and Testing Materials”, advanced by 
the American Standards Association’. Some of the symbols do not appear 
in the paper, but are sncluded herein, as a matter of information, and for 
the guidance of discussers: 

a = distance, center to center, of column stiffeners (batten-plates 
‘ or lattice-bars); also, a = unsupported length of channels. 
As a subscript, a denotes “average”. 


b = distance between gravity axes of channels; as a subscript, 
b denotes “batten-bars”. P : 

¢ = distance from neutral axis to extreme fiber; as a subscript, 
ce denotes “critical”. } 

d = depth; as a subscript, d denotes “diagonal bars’’. 

e = initial eccentricity of load; as a subscript, e denotes “Ruler”. 

f = unit stress; fy = yield-point stress. Ls 

4°= any integer; as a subscript, 7 denotes ‘initial’. 

Pine asd 

k = core radius of a cross-section aa: 

m = Poisson’s ratio; as a subscript, m denotes “maximum”. 

n = a factor of safety. 

gqu=1a substitution factor = Nees as a subscript, q denotes “a 


certain value”. 
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radius of gyration = : 


as = average compressive stress on the column; sy = averageé 


compressive stress at which yielding in the extreme fiberss 


7a 
aw? 


a) 


= stress corresponding to the Euler load; and $y.= a certain] 
value of s. 


first begins; s» = allowable working stress; se = 


= thickness. 


tl ll Il 


IU tt Ul 


=NVa—2acosd+1. 


P V ; 
average shearing stress, — ; vy = average shearing stress when} 


A 
Load P is at its yield-point value. 
load per unit distance; as a subscript, w denotes “working load”, 
variable co-ordinate of Deflection y. 
deflection of a column, distant « from one end; yo = initial 
deflection of a deflected column; as a subscript, y denotes | 
“yield point”. 
area ; Aa = cross-sectional area of two diagonal bars; | 
= cross-sectional area of two batten-bars. é 
a constant to be evaluated from the end conditions of a bar. 
modulus of elasticity. 
a numerical factor (Equation (45)). ; i 
shearing modulus for batten-plates. 
rectangular moment of inertia with respect to giavity axis off 
bending; J; = I for one. channel, about its gravity axis; | 
In = I of two batten-plates with respect to gravity axis of 
bending. 
a coefficient’= 1.2 for rectangular batten- plates. 


ca 


length; ZL’ =-a fictitious column length. : 
bending moment; M, and M, = secondary end moments. > 
compressive axial load on a column; P, = the Euler load for 

a pin-ended column = = _* ; Pc = critical load for any 


column; Py = load that first produces yielding, due to e 
centricity; Pw = allowable working load. 

section modulus. 

total shear force at any cross-section. 

total load. 


a ratio, peo» 
€o 

1 — a cos ¢. 

maximum initial deflection of an initially curved column. 

an angle (Fig. 16). 

3.1416. 
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angle between batten-bar and diagonal bar. 
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A DIRECT METHOD OF MOMENT 
DISTRIBUTION 
Bae Yo VANS OUN AM. soOC Gs EF. 


Synopsis 

The Cross method of distributing fixed-end moments in the analysis 
of continuous frames’ has become recognized as such a convenient tool of 
structural design that it is unnecessary to state its importance, or its ad- 
vantages over the older, classical methods. However, the necessity of going 
: through a series of approximations is still disliked by many engineers. 

The purpose of this paper is to present an “exact” method® of moment 
distribution, derived from the fundamental conceptions of the original 


method, but applied without the series of approximations. Designers of con- 


~ tinuous frames will find that the method, being a direct corollary of the 


moment-distribution principle, is easy to learn. The time saved is consider- 
able as compared with other methods, especially for frames subject to several 
conditions of loading, frames requiring the use of influence lines, frames 
with members of variable section, and frames in which convergence is slow 
by the original method and in which greater accuracy is desired. This 
method also affords a direct visualization of the “transfer” of moments in 
continuous frames, and thus throws new light on the economy of proportion- 
ing, the effect of fixation at the supports, of continuity, etc., which is true of 


the original method only indirectly. 


DEFINITIONS AND Notation 


The following notation is used: K = stiffness of an end of a member 
= ge ; y = carry-over factor of an end of a member; M’ = fixed-end 
L 


moment at an end of a member; and, M = actual moment at an end of a 


member. 
Worn.—Discussion on this paper will be closed in March, 1935, Proceedings. 


1 With Ministry of Railways, Chinese National Govt., Nanking, China. 

2“Analysis of Continuous Frames by Distributing Fixed-End Moments”, by Hardy 
Cross, M. Am. Soe. C. E., Transactions, Am. Soc. C. H., Vol. 96 (19382), pp. 1-156. 

3.4 more complete treatment is given in a thesis by T, Y. Lin, presented to the Univ.of 
California in partial fulfillment of the requirements for the degree of. Master of Science 
in Civil Engineering. 
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The subscripts have the following significance: ab denotes End A of 
Member AB; ba denotes End B of Member AB; b2 denotes End B of Mem- 
ber B2; de denotes End D of’ Member CD, etc.; and m denotes a quantity 

“modified”, due to the actual restraint of the support. For example, Ka 
= stiffness of End A in Member AB; and Ys5m = a modified carry-over 


1 


(b) |\ 
\ 


\ Unit Angle » 

K, , | 
bm, B Kp2m 2 ; 
BR OG 

(c) ‘Unit 7 

s Kos Angle : 

im 

{unit - ; 

| Angle 5 

\ ; 
(dy)\ ; 
7 

Fic. 1 DS 


2 factor of End 3 in Member B3, or the moment at End B due to a unit 
moment at End 3 with End B under the actual condition of Be 
‘Furthermore, (see Fig. 1), let, 

Koa Si Kom SE Koom ae Kosm a te Koa ae AS bee 1 
Roa PT) ENTE TALK PLS PA BM 08 GEST RTO ie Ea ae BSF Koa STINT CREME STS ae ES ( ) 
Koa Kua 


In Fig. 2, Member AB is simply supported at End A and fixed at Point B. 
Apply a moment at A to produce a unit rotation at that end of the Mem- 


i 


ber AB. Then, by definition, Ka) = the moment applied at End A = stiffness 

- at End A of Member AB; Yay Kay = the moment induced at End B due to a 

stiffness, Kay at End A; and yap = the carry-over factor, from End A: to 
End B. Pig Set 

In Fig. 8, Member AB is simply supported at End A and is connected 

_ to several members at Joint B—B1, B2, B38, etc. Apply a moment at A to 

produce a unit rotation at that end of the member.. Then, Kavm = the 

moment'applied at-A = the: modified stiffness at End A of Member AB, 
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~ with End B held by. its restraining members; Yam Kavm = the moment 
induced at End B in Member AB, due to Kavm at End A; and Yapm = the 
modified carry-over factor at End A. 


Sian ConvENTIONS 


A moment at an end of a member is considered positive when the external 
_ moment acting at that end is clockwise. Therefore, a moment carried over 
j does not change in sign; and the algebraic sum of all the end moments at 
any joint equals the external moment applied at that joint, which is usually 
zero. (See Fig. 4.) 


>_> -— 


Fia. 4 


Turory AND DerIvATION or. Equations 


In the original method of moment distribution, the stiffness and the 
earry-over factor of an end of a member are calculated on the assumption 
that the other end is fixed. Hence, it is necessary to release one joint at a 
time, holding the joints at the other end of the connected members fixed, 
in order that the unbalanced moment at a joint may be distributed to the 
connected members in proportion to their stiffnesses and the moments may 
be re-proportioned and transferred by the carry-over factors. In the method 
herein presented, however, the modified values of the stiffness and carry- 
over factor of each end of each member are calculated in accordance with 
the actual condition of restraint at the other end. Hence, it is possible to 
release all the joints simultaneously and to distribute the unbalanced moments 
once only. 

Only two formulas are necessary for the application of this method: 
One for the value of Kavm, the other for the value of Yavm. These formulas 
will be derived from the fundamental concepts of the moment-distribution 
method as follows: 

Given: The values, Kas, Koa, Yas, and Yva, of Member AB, and the values 
of Konm (see Equation (1)) for the members connected to AB at End B. 

Required: The modified stiffness, Kavm, and the modified carry-over 
factor, ‘Yam, for End A of Member AB. 

Solution: 

Step 1—In Fig. 5, fix Joint B. Apply a moment at End A equal to 
Kap to produce a unit rotation of that end. Since End B is fixed, a carry- 
‘over moment will be produced at End B of Member AB equal to Kap ‘ors 
which is held in equilibrium by the external moment, Kab Yav- 


a, 


; 
; 
5 
¥ 
: 
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Step 2.—Fix End A in this rotated position, as shown in Fig. 6. Re- 
lease Joint B by applying an external moment of —Ka» Yas, which will 
rotate all the members meeting at that joint through an equal, angle. Hence, 
this external moment will be distributed among the members meeting at the 


Fia. 7 


joint in proportion to their stiffnesses as existing under this condition; that 
is, the stiffness at End B of Member AB will be Koa (End A being fixed), 
while the stiffnesses of the other members will be their modified values, 
Kum, Kvem, Kosm, ete. End B of Member AB will take its proportional 
amount of the external moment, —Kg» ya», which is, 


K ¥ ( Koa ) 
a ab Yab - >. cat ccs DP MIe coi Ok Le eee 
Koa =2 Kom ot Kom + Kosm as cee 


K 
— K ¥ ( . ba ) 
wesc Koa =p 2 Kinm 


FY feta AES ie RR MOAR BREIL (2) 

Roa 
Since End A is fixed, the distributed moment (Equation (2)), of End B 
will be carried over to End A by the carry-over factor, yoo. Hence, a 


or, 


moment will be produced at End A of Member AB equal to = Ka Yor... 
ba 
Step 3.—Next, examine the resulting elastic and static condition of 


Member AB at the end of Steps 1 and 2. (See Fig. 7.) End A of 
the member is rotated a unit angle and End B is connected to its adjoining 
members without any external restraint. The resulting moment at 
End A is the sum of the moments produced in the two steps; that is, 


Ko — Kar Yor Yoa. This is the moment at A necessary to produce a unit 


ba A 
rotation at End A of Member AB, with End B under its actual condition of 
restraint. By definition, it is the modified stiffness at End A of Member AB. 
Therefore, a 


Kamm = Kay — Fat YO yg = Ky (1 — Yo ts) rule (3) 

Roa Roa 

The resulting moment at End B of Member AB, Kay yao — Kav ‘Yar » is 
Riva 


that produced at that end due to a unit rotation of End A, with End B 


lente itanines ore 
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under its actual condition of restraint. Its ratio to the resulting moment 
applied at A is, by definition, the modified carry-over factor at that end 
of the member, AB. Therefore, 


Ka Ya — sis ° R : 
ee ee Tab ad Se aap Willan tee (4) 
ie ( eyed ws) ba — Yad Yoda 
Roa 


Equations (3) and (4) are the only ones necessary in this method. They 
may be simplified for special cases, as follows: (1) For a fixed end, Roa 
equals infinity; (2) for a hinged end, Roa equals unity; (3) for members of 
uniform moment of inertia, yas Yoo = 4+; and (4) for symmetrical members, 
Yab = Yba- 

AppLicATION oF MrtHop 


The general procedure consists of two distinct steps: First, to analyze the 
structure under no load; that is, to find the Km and Ym-values; and, second, 
to distribute the unbalanced fixed-end moments. 

Step 1—Find the values of R, K, and y of both ends of all members 
by the usual methods. When the & -value of one end of a member is known, 
the Km and ym-values of the other end can be found from Equations (3) 
and (4), respectively. For a hinged end, Ff is unity; for a fixed end, Ff is 
infinity; and, for all other cases, R will have values between the two, and 
can be either calculated or estimated from the modified stiffnesses of the con- 
nected members. 

Step 2.—Find the fixed-end moments of each loaded or deformed mem- 
ber by the usual methods. Distribute the unbalanced moments at each 
joint to all the members meeting at the joint in proportion to their modified 
stiffnesses. Carry over the distributed moment of each member to the other 
end by the corresponding modified carry-over factor. Distribute each 
carried-over moment among the connected members in proportion to their 
modified stiffnesses. Continue this process .of carrying over and distributing 
to the supports of the structure. Add the fixed-end moment, the distributed 
moments, and the carried-over moments, to find the resulting moment at 
each end of each member. 

Steps 1 and 2 explain the general procedure only. They can be modified 
easily to suit individual cases. Some of the important variations will be 
shown in the subsequent illustrations. 


. Limitation oF THE MetTHop 
Since the two fundamental equations (Equations (3) and (4)) are derived 
from the first principles of the moment-distribution method, this modified 


method has the same limitations as the original. Problems such as side- 
sway,’ that can be solved by the original method, can be solved similarly by 


the writer’s method. 
4 Transactions, Am. Soc. C. B., Vol. 96 (1932), p. 9. 
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_ EXAMPLES 


Example 1.—Consider the frame shown in Fig. 8. Ends G and F are 
hinged; Ends H and J are fixed; and Ends A and B are connected to 
members above the frame (not shown in the diagram), such that End A 
of Member AD has a value of Rag = 3.00 and End B of Member BE has a 


value of Rre = = 6.00. 


A B 
Yabm %am 
Ld wo 
Kis Kam Basige 8esiees 
Rap Roa onm!|woo OnmDING 
4 A ts 
Kap Koa @ is 
Yad Yar %a = Na So oS 
on 
Seslge 8arlse 
SuM|oo Son DING 
0.390 0.125 0.455 0.506 0 0.443 
5.59 4.80 7.49 7.90 4.56 3.69 
Cc. 1.25 3.665 D 2.33 1.948 E 3.14 1.00 F 
6.00 6.00 10.00 10,00 6.00 4,00 r 
0.50 0.25 0.50 0.70 049 0.70 040 024 0.60. 
SS8siss B82\|ss 
SHUINS SamHuwIMS 
g a 
So So 
33. |38 85 _|38 
on8Blaco on8iano 
H J 
La 
Fic, 8 


Step 1—The R, K, and y -values of all the members are determined J 
first from Equations (8) and (4), and ‘arranged for each member as shown in | 
the key sketch at the top of Fig. 8. In Member GC, End G is hinged 
and Rge = 1. Then, from Equation (3), 


, jo A an 
Kegm = Ke (1 — 1218) = 2(1 Menges t) 1.50 
Ree 1 ” 


and, from sgn sci (4), 


Nem = Yq Eo = 


_ Similarly, in Member CD, Rea = rea 1.25; Kaom = 6 we 12) | 
1.25) — 


=ii14:80; teind, fvsyltheass = a 0.125. In the case of Member HD, 

Rna = infinity; Kanm = Kan = 3; and, Yarm = Yan = 4. In Member 

AD Rad =o damsel ( — 2.3) = 5.50; and yam = (25 
3 . : QIN B cy, 257 9 
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Beye geet ally ie Member me py, ZOO 5:5 ir 14 8 Sing 3g: 
10.0 


Keam = 10 ( SUE SEUSE °.2) = 7.90; and Yeam = 0.7 1.33 _ 0.506. 
2233 1.84 

Consider Members BE, FE, and JE as a group. Determine the values 
of Rea, Kaem, ‘Yaem, etc., and record all these values on the frame (Fig. 8). 
Evidently, many of these values of R, Km, and ym are not needed. 

Step 2.—Only some of the values calculated in Step 1 will be used 

| in Step 2. Assuming an external moment of 100 at Joint D, distribute it 

among the members meeting at that joint in proportion to their Kam - values 
(see Fig. 8), as follows: 


¢ 


100 
Mac = 4.80 == ON 
de x 20.79 23.08 
Maa = 5.50 X 4.810 = 26.45 
Mae = 7.49 X 4.810 = 86.04 
Man = 3.00 X 4.810 = 14.48 
: 20.79 100.00 


Carry over the distributed moments by the modified carry-over factors; 
thus: 


Mea = Maci X 0.125 -= 93.08 < 0.125 = 2,88 

Maa = 96.45 x 0.864 = 9.62 

Mea = 86.04 xX 0.455 = 16.40 

Mna DA AB Ki i0e5009 erful «Bt 
Distribute each moment thus carried over among the connected members 
at the joint, in proportion to their modified stiffnesses: At Joint C, Meg 
= — Mea = — 2.88; at Joints A and H, the frame ends, and no further 
distribution will be necessary ; and at Joint EH, the moment, Mea = 16.40, 


will be distributed to the connected members, EB, EF, and EJ, thus: 
— 16.40 


=— 1. = 28 OL 

Mo = 1.97 X7 O17 4 4.56 + 3.0 

Mi 4.56 xX 1.73 = — 7.90 

Me; = 3.00 x — 1.78 REN OGT 5) 
—. 16,40 


The foregoing distributed moments will again be carried to the far end of 
each member, thus, Mie = Meo X 0.4385 = 3.81 x 0.485 = 1.44, etc. The 
resulting moments are shown in Fig. 9. 

Example 2.—In Fig. 8, let the fixed-end moments in Member CD be 
- Fea = — 1900; and Fac = 2000 (see Fig. 10). The unbalanced moment at 
Joint C is then 1000; and at Joint D, it is — 2000. Instead of distributing 
the unbalanced moments separately, a better procedure is as follows: (1) Re- 
lease all the joints; (2) distribute the unbalanced moment of 1000 at Joint C 


to End C of Member CD, or, 1000 X 5.59 788; (8) carry over 
u 5.59 + 1.50 


i? aie a ee a gare fh, i = ee % ee te tne 


pi, 


~w) 


hile &- 
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488 to End D of Member DC by the modified carry-over factor, Yeam, 
or, 788 X 0.890 = 308; (4) distribute the unbalanced moment of — 2000 at 

4.80 4a 
4.80 + 5.50 + 7.49 + 3.00 
= — 462; and, (5) carry over — 462 to End C by the modified carry-over ! 
factor, Yaem, or, — 462 x 0.125 = — 58. 


Joint D to End D of Member, DO, or, — 2000 x 


Fie. 9 f 
The total moment at End C of Member CD will then be, — 1000 + 788 © : 
— 58 = — 270; and the total moment at End D of Member CD will be, — 


2000 — 462 + 308 = 1846. These moments will be entirely resisted by their i 
respective supporting or connected members. They are distributed and carried ~ 
over to the ends of the frame, as shown in Fig. 10. — 


Fie. 10 


Example 3.—Consider the frame in Example 1, with fixed-end moments 
on Girders CD, HD, and EF, as shown in Fig. 11 (identifying symbol, (f)). 
It is possible to distribute the unbalanced moments at the joints separately, 
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proceeding as in Example 1, or to find the end moments of each loaded mem- 
ber and proceed as in Example 2. A better method, however, is shown in 
Fig. 11: (1) Find the unbalanced moment at each joint and distribute it to 
all the members meeting at that joint, identifying each distributed moment 


t¢) =Moment Carried Over 
Jd) = Distributed Moment 
(/) = Fixed-End Moment 


+17.8(r) 


sz 13 Bm 
S Sat} =18010 ES = — 1503.4 
. = 227.4 SET eestor) AVeal = 443.00 
Bo = 15.4(6) Ss} — 14424) SSNS) + 70.91) 
+788;0(d) Me tiey = 1800(d) gle rty = 131,3(d) 
€ -1000.01/) p\ 15000) \\ -E]  -1000.0(/) 


.+2000.0 (/) N+ 1500.0 Uf +1000 001 
= — 1154(d) eae = 227.340) eee - 100000) 
fed \+ 307.8 (c) Saal — 147.5) Peas 2 Ole) 
5 = _ 8.412) | imnislio + 273.20) | ooals 0 
ay +2184.0 Ftc + 1398.4 SIAN 
SLi eee a {+ +]+ 
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) by the symbol, (d); (2) after distributing the unbalanced moments at all 
} joints, start from one end of the frame, such as Member CD, and carry over 
| the value, 788(d), at End C to End D, producing a moment at End D equal 
to 307.8(c), identifying each moment carried over by the symbol, (c); 
| (8) distribute this value, 307.8(c), among the supporting members, so that 


7.49 
7.49 + 5.5 + 3.0 
the value, — 144.2(d), with the first distributed moment, — 180(d), at End D 
of Member DE and carry the sum over to End #, producing a carried-over 
moment at End E equal to (— 144.2 — 180.0) 0.455 = — 147.5(c). Continue 
the foregoing steps until all the unbalanced moments are carried to the ends 
of the frame. Time is saved in this way by combining the moments car- 
ried over. 
Example 4.—Consider the closed frame shown in Fig. 12. The fixed-end 
moments are May = — 1000; and Mo = 1000. This box is made, up of 
| members of uniform moments of inertia and, therefore, only the K-values 
need be shown in Fig. 12. 
Step 1—Since the frame is closed, it is necessary, first, to assume the 
R-value of an end of some member. It can be seen by inspection _that 


| Mae = — 307.8 X = — 144.2 (d), ete.; and (4) combine 


Ra =2t'O- 1.3, approximately. 
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1 
Then, from Equation (3), Kram = 3 ( or o ) = AD 


1 
a tea tne 3.493; and, Kem = 1(1 — —* \e 0.927. 
1 3.423 


Calculate Roa, Kaem, Raa, Kaam, etc., around the frame to check on Rav, 
which, in this case, is found to be 1.302, close enough with the original assump- 


+ 0.1 (d) (Stop) j : 


+  9.5(d)v 
R = 1.302 (Obtained) Ym = 0.144 + 728.0(d) (Start) 
R=1.3 (Assumed) Kym = 2.423 — 1000.0 () 4 
© i 
33 +100004) By 
oo os7 - 728.0(d) |2Ss|_ 
mil ert. + 105.0(c) | SSS|a 
gs a Slo + 14) | aig ale 
= S m as | 
+1 4)+ Il ida 
; 
3 5 
r wis | 
ro Sy . 
+] , 
Ym = 0.191 y 
Km = 1.658 R = 1.463 Cc . 
K=2 ! 
+ 0.5(d) 
Fie. 12 


tion to warrant no revision. If the checked value of Raq differs too greatly 
from the assumed value, calculate Kvam from the new Rap and change the Km — 
and R-values as far as necessary. Then, calculate the ym-values from the 
values of # finally adopted. 
Step 2.—Distribute the unbalanced moments at Joints A and B (see 
Fig. 13). Carry over the distributed moment, 728(d), at End A of Member AB 
to End B, producing 105(c), which is resisted by — 105(d) at End B of — 
Member BC. The moment, — 105(d), is combined with the moment, — 272(d), 
at End B of Member BOC, and carried over to End 0 of Member BC. Con- 
tinue the cycle until the amount to be carried is negligible. For this case 
of a symmetrical frame and symmetrical loading, if the moment, — 728(d), 
at End B of Member AB is carried over to End A, and the cycle of distribu- 
tion is performed in the other direction, the moments would evidently be the — 
same, except with reversed signs. Hence, it can be seen that the resulting. 
moments are, Maa = 272 — 9.5 — 0.1 + 105 + 1.4 = 368.8; and, Ma = — 0.1 
— 24.7 4+ 0.5 + 129.5 = 105.2. 


eA ee 


| 


> 


ConcLusIon 


The greatest advantage of this method is its simplicity and directness. 
Only two formulas need be remembered in addition to the fundamental con- 
cepts of moment distribution. Equations (3) and (4) can be derived, and 
1emembered, so easily that an experienced designer can estimate the modified 
beam factors, mentally, with sufficient accuracy. In these formulas, the effect 


of fixity of supports is shown by the value, Roya, and the effect of haunching 
is shown by the value, ya» Yoa. 
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It is considered best to limit this paper to a presentation of the method 
‘only. Its special adaptability, such as its application to continuous beams of 
i varying sections, has not been discussed. The most interesting application is 
‘sometimes found in the approximate but sufficiently accurate estimate of 
moment by this method. However, it is not recommended as an invariable 
substitute for the original Cross method. Each has its own advantages, and 
iit is left to the ‘designer to choose for himself. Certainly, it will be worth 
while for engineers dealing with continuous frames to spend the little time 
} necessary to learn it, so as to be able to utilize its obvious advantages. 


ACKNOWLEDGMENTS 


“The writer wishes to express his utmost gratitude to Bruce Jameyson, 
} Assoc. M. Am. Soc. CO. E., under whose guidance the study was made. Thanks 
‘are also due to John T. Howell, Jun. Am. Soc. C. E., for his valuable sug- 
} gestions in the ‘preparation of the paper. 


feo wt CAN SOCIETY: OF CIVIL ENGINEERS 
Founded November 5, 1852 | 


REPORTS 


WA TER “SUPPLY. “ENGINEERING: 


PROGRESS REPORT OF THE COMMITTEE OF THE 
SANITARY ENGINEERING DIVISION 


INTRODUCTION 


The Committee of the Sanitary Engineering Division on Water Supply 
| Engineering has found no precedent by which to be guided as to the seope of 
} its activities, and considers its report as a preliminary survey which it hopes 
may lead to a clear-cut poliey for the future. The opinion of discussers as to 
the desired scope would be of assistance. 

| The Committee is in agreement with views which appear to be held by 
} officials of the Sanitary Engineering Division that any functions that are 
\ being effectively exercised by other associations specializing in water supply 
' problems should not be duplicated. It has been suggested that the Committee 
| should attempt to keep itself familiar with important advances in the water 
| supply art and report them to the Sanitary Engineering Division and ulti- 
a mately to the Society. 
4 


t= 


} PART 1.—ACTIVITIES OF ORGANIZATIONS INTERESTED 
a IN WATER SUPPLY ENGINEERING 


_ Tentatively, the Committee assumed as one of its duties a review of the 
activities of other committees of the Society, and of other professional socie- 
_ ties, whenever these activities touch the water supply field. The aim has been 
not only to report important contributions by such committees, but also 
to report any omissions that seem to be of consequence. This survey was 
} begun by communicating with each of the associations (sixteen in number) 
| that appear to have activities touching on water supply engineering. The 
} card catalog of the American Water Works Association was courteously sup- 
| plied to the Committee for this purpose. The activities of several other 
SS Nors.—wWritten discussion on this Progress Report w 
the Chairman of the Committee for possible use in preparing subsequent reports. 
¢ 1 Consolidation of First and Second Progress Reports; Part 1 was presented at the 
ry; N in January, 1933; 


| meeting of the Sanitary Engineering Division, at New York, N. Y., ry, 
- Part 2 was presented the following year (January, 1934), and abstracted in Owil Engt- 


; neering, March, 1934, p. 162. 


ill be transmitted directly to 
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: : 
organizations were so well known to the Committee that no communication 
was required. The complete list of associations considered is, as follows: : 


American Public Health Association ; 

American Railway Engineering Association; 

American Society for Testing Materials: 

American Society of Civil Engineers; 

American Society of Mechanical Engineers; 

American Society of Sanitary Engineering; 

American Standards Association ; : 

American Water Works Association ; 

Cast Iron Pipe Research Association; . . 

Edison Electric Institute (formerly National Electric Light 
Association) ; 

Hydraulic Society ; 

Kansas Water Works Association; 

Maryland-Delaware Water and Sewerage Association; 

National Fire Protection Association; 

National Hydraulic Laboratory, Washington, D. C.; 

New England Water Works Association; 

Pennsylvania Water Works Association; 

Pennsylvania Water Works Operators Association; 

South Jersey Association of Water Superintendents; 

The Engineering Foundation; and . 

Virginia Water and Sewage Works Association. 


The Secretaries addressed by the Cammitios were most courteous in sup- 
plying all available information. 

American Pustic HeattH AssocraTION ‘ 

The American Public Health Association numbers among its member- 
ship many members of the Society, and of other engineering societies inter- 
ested in water supply. Among its sections and committees are the follow- 
ing: Laboratory Section; Committee on Lead Poisoning; Committee on 
Bathing Places; Committee on Plumbing; Committee on Water Supply, — 
through its Sub-Committee on Ground-Water; and, Committee on a 
Ways Pollution. 

Studies relating to standard methods of analyzing water are sanioned to 
the Laboratory Section. Late in 1932, a sub-committee of this Section, jointly 
with the American Water Works Association, sent to press a new edition of 
the Manual on Standard Methods of Water Analysis. 2B 

A study of the foregoing committees reveals a considerable proportion of 
members who also belong to the Society and most of their chairmen are mem 
bers of the Society. . 


a 


4 


' AmericAN Ratupway Encineserina ASsocraTION 


Py 


The Secretary of the American Railway Engineering Association ae | 
“Our functions relate only to the use of water for locomotive boiler use.” In 
the “Outline and Personnel of Committees,” published by this enn | 
Committee XIII (on Water Service and Sanitation), has nine subjects’ a 
signed to it, including a revision of the Manual of the Association; pitting ; 
of locomotive boilers; methods and economié value of water treatment; dee 
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) well pumping; methods of analyzing chemicals used in water treatment, ete. 
Water supply engineers are generally familiar with the active studies of 
‘the Water Supply Committee of the Association, which has helped in rais- 
i ing the technique of boiler-water treatment -to a high state of practical 
efficiency and economy in the relatively small plants that serve locomotives 
| especially. 

It is noted that one of the most active of the members of the Water Supply 
Committee of the Association is Chairman of the Committee of the American 
Water Works Association on Municipal and Industrial Practices in Water 
| Softening. 


American STANDARDS ASSOCIATION 


; The Society and practically all other important technical associations in 
} the United States, as well as departments of the Federal Government, are 
1 “member-bodies” in the American Standards Association. This organization 
_ provides rules ofprocedure and supervises the selection of broad representa- 
tion for committees that are sponsored by one or more member-bodies and are 
} authorized to create a National standard for some material or method. A 
few of the several hundred A. S. A. projects that pertain more or less 
} directly to water supply are: 
; Committee A-1, on Specifications for Portland Cement’; 
Committee A-21, on Specifications for Cast Iron Pipe and Special 
Castings’; 
Committee A-35, on Manhole Frames and Covers’ ; 
Committee A-36, on Methods of Rating Rivers for Water Power’; 
Committee B-16, on Pipe Flanges and Fittings’; and 
Committee B-31, on Code for Pressure Piping (that is, design, manu- 
facture, testing, installation, and operation of pressure piping 


systems).* 
It may be remarked in passing that the findings of Committee B-31 (in 
} which the Society has no membership) are likely to be incorporated in city — 
| and State laws. In 1932, the American Water Works Association secured a 
i modification of the scope of Committee B-31 so as to leave to water supply 
interests certain matters relating more particularly to water supply piping. 
This case illustrates the need for watchfulness lest, accidently, some standard 
that does not provide for the particular needs of water supply engineering 
should become compulsory. Some group, possibly a committee of the 
- Society, should watch for cases of this kind. 
From the beginning Committee A-21, on Specifications for Cast Iron 
| Pipe and Special Castings, has been a research committee as well as a stand- 
| ardization committee, and its researches should be of particular interest to 
: water supply engineers, because they have included experiments in loss of 
| head in fittings; strength of fittings; strength of bells and joints; strength 
of various kinds of cast-iron pipe under water pressure alone, under earth 
. 3The Society has official membership on this Committee. 


3The Society is one of the sponsors. 
4The Society has no official membership. 


. 
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pressure alone, under combined earth loads and water pressure, and under r 
impact; corrosion of different kinds of cast iron; and experiments relating ' 
to tar and cement mortar linings for water pipe. Many progress reports have» 
been circulated among the Committee’s membership which, with its sub-- 
committees, includes about 100 persons. Committee A-21 has had the ad-- 
vantage of a considerable fund contributed by manufacturers and by the} 
sponsor societies for research work and testing, preliminary to the formula-- 
tion of specifications. The work has included testing of 12-in., 20-in., and| 
48-in. pit cast pipes in a great many ways, including combined exterior loads: 
and water pressure. From these tests a rational method of designing pipe? 
barrels has been developed so as to include not only water pressure, but also) 
external loads. 

The full series of tests on losses of head in bends, tees, and crosses,, 
described subsequently under the heading, “Loss-of-Head Measurements,” ’ 
have resulted in the conclusion that losses from fittings in distribution sys- - 
tems are, in general, very small, and that, due to the frequency of branches: 
for hydrant connections, there is no advantage in using tees and crosses off 
wide sweep. 

Tests to destruction, of fittings, have indicated unexpectedly low strengths 
in tees and crosses, and improved designs are being developed. The Com-- 
mittee’s specifications for mortar linings for pipe have been issued. as pro-- 
posed tentative standards and. are in general use. Other results have nott 
been published for general distribution, but will be available in the not dis-- 
tant future. 


AMERICAN Society oF MrcuanicaL ENGINEERS 


Water supply engineers and hydraulicians will do well to follow the activi- - 
ties of the American Society of Mechanical Engineers, because its committees 3 
are active in some of the branches that pertain to water supply and hydraulic: 
work. Besides being principal or joint sponsor for a number of committees 3 
of the American Standards Association, its Hydraulic Division is active ini 
the study of flow in pipes and in the study of water ram. Attention is called! 
to a paper by Mr. Emory Kemler before the December, 1932, Meeting of the; 
A. §. M. E., which appears to systematize formulas for the flow of all kinds 3 


of fluids. ‘ : : 
Perusal of “Council and Committee Reports for the Year 1931-32” dis-- 
closes the following activities of interest to water supply engineers: ; 


Fluid Meters Committee: Complete report submitted; 
Condenser Tubes Committee: Study of service life of various composi- - 
tions; | 
Boiler Feed Water Committee: Joint membership with American Boilzr: 
Manufacturers, American Railway Engineering Association, Ameri-- 
can Society for Testing Materials, American Water Works Associa-- 
tion, and. Edison Electric Institute: Comprehensive experimental ! 
program, begun several years ago, is being continued; 
Diesel Fuel Oil Specifications: Committee research work; 


Diesel Fuel Consumption: Joint Committee with Society of Automo-- 
tive Engineers; : 
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Pipe Flanges and Fittings (Sectional Committee B-16 of the American 
Standards Association): 800-lb Hydraulic Cast Iron Pipe Flanges 
and Flanged Fittings: Standard completed and published during 
1932. Revision of Standard for Steel Pipe Flanges and Flanged 
Fittings progressing. (In 1932, Committee B-16 completed new 
flange standards for 50, 125, and 250-lb pressures) ; 

Code for Pressure Piping (Committee B-31 of the American Standards 
Association): The Editing Committee has received and edited parts 
of proposed code; 

Pipe Threads (Sectional Committee B-2 (1919) of the American Stand- 
te Se ae Revision of taper thread standards nearly com- 
pleted ; 

Wrought Iron and Wrought Steel Pipe and Tubing (Sectional Com- 
mittee B-36 of the American Standards Association): Tentative 
report on Pipe and Tubing for Low Service is under discussion ; 

Serew Threads for Hose Couplings (Sectional Committee B-33 of the 
American Standards Association): Revision in preparation; and, 

Standardization and Unification of Screw Threads (Sectional Com- 
mittee B-1 of the American Standards Association): Report of Sub- 
Group on Screw Thread Survey of the United States. Revision of 
National standards in preparation. 


The Society has no official representation in the Boiler Feed Water Com- 
- mittee or in Committees B-16 and B-31 of the American Standards Associa- 
tion. The American Water Works Association is represented on all these 
committees and at least one member of each committee is a member of the 
- Society. 
Amerioan Socrety ror Testine MareriAus 

This Association is tremendously active in all branches of specification 
and research work relating to materials. It is also joint sponsor on several 
| committees of the American Standards Association relating to water supply 
materials. Not infrequently, A. S. T. M. standard specifications can be 
~ quoted by number and title only, in specifications for water supply material. 
_ They are internationally known and unnecessary printing in specifications 
) can often be saved by such reference. The most important committees (from 
| the water supply point of view) of the American Standards Association (of 
which the American Society for Testing Materials is joint sponsor), such as 
~ Committee A-21, on Cast Iron Pipes, B-16, on Flanges and Flange Fittings, 
and B-31 on Code for Pressure Piping, are treated briefly herein under the 
heading “American Standards Association.” 


Amurioan SocreTy of SANITARY ENGINEERING 


4 The American Society of Sanitary Engineering has a research committee 
- of nine members from various parts of the United States and Canada. Water 


supply is included in its scope. 
American WATER WorKS ASSOCIATION 


So many members of the Sanitary Engineering Division of the Society 
are active members of the American Water Works Association that it 1s 


almost unnecessary to publish even a brief list of its manifold activities. For 


ware ee 
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completeness, however, and for the benefit of those who are not members of the 
A. W. W. A., a brief summary will be made. : 

Subsequent to the publication in 1925 of the Water Works Practice 
Manual, the American Water Works Association organized its technical com- 
mittee activities with a view to issuing revised editions of the Manual about 
every five years. A general committee of ten members (all but one of whom 
are members of the Society) is in charge. Twelve main committees, with 
about fifty sub-committees, divide the entire field of water-works practice and 
are engaged upon revised drafts of parts of the Manual. 

In addition to the committees engaged on the new edition of the 
Manual there are the: following technical committees: The Committee on 
Standard Methods of Water Analysis; and the Committee on Boiler Feed 
Water Studies; Electrolysis and Electrical Interference; Uniform Marking 
of Fire Hydrants to Indicate Their Relative Fire-Stream Capacity; Licensing 
Water Works Employees; and Hazards to Plant and Personnel from Use of 
Chlorine and Other Chemicals in Water Purification Plants. Other joint — 
committees and committees of the American Standards Association in which 
the American Water Works Association has membership are: A-21 on Specifi- 
cations for Cast Iron Pipe; A-35, on Manhole Frames and Covers; A-40, on 
Plumbing Equipment; B-2, on Pipe Threads; B-16, on Flanges and Flange 
Fittings; B-31, on Code for Pressure Piping; B-36, on Wrought Iron and 
Wrought Steel Pipe and Tubing; C-1, on Regulations for Electric Wire 
and Apparatus in Relation to Fire Hazard; G-8, on Zine Coating for Iron and 
Steel; and, Z-23, on Sieves for Testing Purposes. A special committee, jointly 
with a similar committee of the American Public Health Association, has 
issued the Seventh Edition of Standard Methods of Water Analysis, and the 
Eighth Edition is in course of preparation. ? 

Inquiry as to policy and progress of the various committees relating to 
the Manual indicates that the first draft of reports will be long and will be. 
published in the Journal of the American Water Works Association, or as 
separate books, for general discussion before the material is condensed for use 
in the Manual. Some of the many committees are backward in producin 
their assignment, but others are making substantial progress. A report 4 
cross-connections was published in the Journal in 1933. 7 

It will be noted that A. W. W. A. has not attempted to cover such highly 
technical subjects as design of gravity and arched masonry dams, so that 
there is no overlapping with the research committees of the Society and those 
of the American Society of Mechanical Engineers; neither is there over- 
lapping with any of the committees of the American Standards Association 
since the A. W. W. A. is closely connected, in general, with those committees — | 
either as joint sponsor or through representation in the membership. 


Cast Iron Pirzk Resparcu Association 


The Cast Iron Pipe Research Association is active in research work fi 
improving cast-iron pipe for water supply and other uses. It supplements the — 
work of the American Standards Association Committee A-21, on Specific 
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tions for Cast Iron Pipe. This organization has conducted many bursting 
tests of water supply fittings and has made improved designs based on 
these tests. A new general standard for short body fittings is in preparation 
with the aid of Committee A-21 of the American Standards Association. 


ENGINEERING FouNDATION 


The Committee of Engineering Foundation on Arch Dam Investigation, 
| including the Stevenson Creek Arch Dam experiments, has completed its 
final report. Reports have also been published of important collateral studies 
on celluloid or mortar models of certain dams, including Stevenson Creek, 
} Gibson, and Boulder Dams. 

The Foundation is aiding also the development of a new and promising 
method of studying stresses, devised at first in connection with investigations 
inaugurated by the American Institute of Mining and Metallurgical Engi- 
} neers. The Institute has used the method in problems of mine pillars and 
{ props, and other underground problems affecting economy and safety of opera- 
} tions, but it has also been found applicable to dams and other structures. 
| The method utilizes centrifugal force applied to models or to specimens of 
} materials so as to produce any desired degree of stressing. The behavior 
1 of the specimen can be recorded photographically whenever desired. Dr. P. B. 
Bucky, of Columbia University, New York City, has: been mainly responsible 
} for this development. 


Tuer Hypravuic Socimty 


. Judging by the communication from its Secretary, The Hydraulic Society 
| appears to be an association of manufacturers organized for the purpose of 
considering technical questions in the design of pumps. In 1932, it issued a 
set of standard curves showing the upper limits of specific speeds for double- 
suction, single-stake, centrifugal pumps with various suction lifts and total 
f lifts. 

Kansas Water Works ASSOCIATION 


The Kansas Water Works Association was organized for the purpose of 
sponsoring a three-day Water-Works Course at the University of Kansas for 
water-works operators. A Journal is published by this Association. 


MARYLAND-DELAWARE WATER AND SEWERAGE ASSOCIATION 


The Maryland-Delaware Water and Sewerage Association confines its 
activities to one annual meeting to promote the interest and education of 
operators. A Journal is published, but the Association has no special. or 
standing committees on research. 


-Epison Exscrric Institute 


Two of the committees of the Edison Electric Institute (formerly National 
Electric Light Association) are concerned with water supply engineering: 
| The Prime Movers Committee, which deals with boiler feed water and con- 

denser cooling water; and the Hydraulic Power Committee the activities of 


a 
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which include forecasting of available sources, the regimen of rivers, and, in| 
some cases, the relation between irrigation and water impounded for power: 
purposes. No research projects have been conducted, except as the Institute: 
is represented on the Joint Committee for Boiler Feed Water Studies under ' 
the sponsorship of the American Society of Mechanical Engineers. 

Since 1929 the Institute (N. E. L. A.) has published papers on the treat- - 
ment of feed water (April, 1929, and June, 1980), and three reports on power’ 
station chemistry (February and August, 1929, and January, 1931). 


Nationat Fire Protection ASssociaTIONn 


The National Fire Protection Association has for its purpase the pro- - 
motion of the science and improvement in methods of fire protection and. 
prevention. Its membership includes not. only individual architects, engi- 
neers, builders, bankers, manufacturers, insurance agents, ete., but other’ 
associations, such as boards of trade, chambers of commerce, water-works asso- | 
ciations, fire underwriters, etc., to the number of about 150, embracing most | 
of the important associations in any way interested in fire-protection 
technique. The Society and the American Water Works Association are : 
members. 

The publications include, in addition to the Quarterly Magazine, numerous | 
standards and manuals, as well as monographs on certain big fires and a 
variety of subjects relating to fire hazards and protection. Among the stand- 
ards are those for Fire Pumps, Sprinkler Equipment, and Tanks and Valves. 
Among the forty or more standing committees are Committees on Fire Pumps, 
Hydrants, Valves and Pipe Fittings, Public Water Supplies for Private Fire 
Protection, and Tanks. In each of these committees there are members of the 
Society, and, in one case, the chairman is a member of the Society. 

It is evident that the National Fire Protection Association has activities 
that parallel some of those of the American Water Works Association and the 
New England Water Works Association, but nothing that parallels the present 
activities of the Society. ; 


New Enauanp Water Works Association 


This is one of the oldest (established in 1882) and most active of regional 
water works associations and has a considerable membership outside New 
England. Not a few of its members are also members of the Society. 

Its committees cover the following subjects: Reforestation, Meters, 
Hydrants, Water Fixtures, Pressure and Vacuum Gages, Uniform Statistics, 
Sanitary Scoring of Water Supplies, Disinfection of Water Mains, Corrosion 
of Pipes and Standpipes, Soil Corrosion, Tests, Legislation, Flanges and — 
Flange Fittings Standards,’ Manhole Frames and Covers, Hose Couplings,* 
Code for Pressure Piping,’ Meter Rates Standards, Wrought Iron and Steel 
Pipe,” Water Works Education, Yield of Catchment Areas, Grounding of 
Electric Currents on House Plumbing (jointly with American Water Works 
Association), Standard Specifications, and Thawing Services. 


5 By representation on the Committees of the American Standards Association. > 
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The scope of the committee work is wide, but does not conflict with the 

present activities of the Society. Where it might otherwise conflict with 
the American Water Works Association, or other associations, joint com- 
_mittees or sectional committees under the auspices of the American Stand- 
- ards Association are frequently functioning. ~ 


PENNSYLVANIA Water Works ASSOCIATION 


The Pennsylvania Water Works Association is not a technical association, 
but one of business men owning private water supplies, and their staffs. Its 
‘officers number many members of the Society. Its meetings develop valuable 
‘information on financial, legal, valuation, and management problems, some 
of which is published in an annual volume. 


PENNSYLVANIA WATER Works OPERATORS ASSOCIATION 


The Pennsylvania Water Works Operators Association has about 260 
“members, including members of the management and operating staffs of 
_ yarious municipal and private water-works, State officials, and some material 
supply houses. It has no research or standardizing committees at present, 
but contemplates the creation of some. It publishes a yearly volume contain- 


“ing high-grade papers on various subjects relating to water-works operation. 


7 


Soutn Jersey AssoctaTion oF WATER SUPERINTENDENTS 


The South Jersey Association of Water Superintendents has about 
' forty members, mostly superintendents of public and private water companies 
im the southern part of New Jersey. It has three technical committees 
c covering the fields of plant operation, purification, and transmission and 
~ distribution. 
Vircinta Warrr AND Sewace Works Association 

: The Virginia Water and Sewage Works Association was organized in 
- 1929. Its membership is drawn from superintendents and State officials, and 
its objects include the advancement of knowledge and the adaptation of 
_ scientific methods to water and sewage plant operation. 


Amertoan Sootery or Crviz EncInners 


The establishment of Divisions and Sections has increased the number of 
~ committees and has tended to call attention to omissions in the activities 
“of the Society. The Committee of the Sanitary Engineering Division on 
- Water Supply Engineering is a product of the recognition, following the 
establishment of the Division, that water supply in general was not listed as 
a Society activity. 
The Society has the following commi 
‘Gnterest to water supply engineers: The Committee on Dams (a Research 


~ Committee) ; the Committee on Meteorological Data (a Research Committee) ; 
the Committee of the Irrigation Division on Interstate Water Rights; Joint 
~ Committee of the Irrigation and Sanitary Engineering Divisions on Salvage 
of Sewage; and the Committee of the Sanitary Engineering Division on 


e Water Supply. 


ttees dealing with subjects of special 
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An extraordinarily active research committee on Irrigation Hydraulics wass 
appointed June 30, 1922, and published several important progress reports in 
the succeeding 114 years. After submitting its final report,’ the Committee 
was discontinued, at its own request, on December 31, 1933. Its researchess 
were focused in special papers by members of the Committee. Among theg 
subjects considered, four are of interest to water supply engineers: Evapora- 
‘ tion Losses from Reservoirs; Silt; Scouring Below Dams; and Water Move- 
ment and Pressure Under Dams. 

The Committee. prepared a complete bibliography on each subject, a4 
glossary of terms, and a set of standard symbols for writers on these subjects. | 

Evaporation—The objective of the study to determine evaporation lossess 
from reservoirs was to derive a set of standard coefficients by which recordss 
of evaporation from a large variety of pans could be converted to that from 
‘a large water surface: Five papers on this subject have been published. Theg 
Committee recommended that for future records two or more pans be used 
at a location. If only one pan can be used its preference was_as follows :’ 


(a) Class A land pan, 4 ft in diameter, 10 in. deep, made of No.) 
22-gauge galvanized iron. Bottom of pan to be placed 6 in. 
above the ground surface. 

(b) Modified Colorado “buried pan,” 8 ft square, 18 in. deep, made of 
No. 18 galzanized iron, with no paint. The pan is buried tog 
within 4 in. of its top. } 

(c) United States Geological Survey floating pan. This is of the sameg 
size and material as Pan (b) and is floated in water with its top¢ 
3 in. above the surface. 

Pressure Against Dams—The Committee on Irrigation Hydraulics wass 
partly responsible for the installation of pipes in dams to determine uplift 
pressures at bed contacts and horizontal joints. Four papers relating to thisg 
subject have been published. 

The Silt Problem and Scouring Below Dams.—The final mt be and seven 
other published papers are available on these subjects. 


SuacagEstions aS TO WATER Suppiy Activities or THE Society 


From an examination of committee activities in the various associationsd 
one is impressed by the fact that a creditable degree of co-operation has growng 
up during the decade, 1924-34, and there appears to be little danger of over- 
lapping and conflicting standards. The Society, however, appears not to beg 
so closely in touch as is desirable with committees of the American Standardsg 
Association, but has tended to emphasize purely technical research and dis- 
cussion. Standardization has become so active and so powerful in shapin : 
engineering practice that it would seem necessary for the Society to haveé 
strong representation wherever standards affecting civil engineering are under 
consideration. 

The Society has been rather slow in taking the lead in such hydraulic: 
research as would provide water. supply engineers and hydraulicians with 
reliable constants and safe standards for use in practical problems. It seems§ 


® Transactions, Am. Soc. C. E., Vol. 99 (1934), p. 1375. 
7™Loc, cit., p. 716. 
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as if the classic experiments of D’Arcy, Bazin, Mills, Fteley and Stearns, and 
other great hydraulicians of the Nineteenth Century had been used in the 
_ Twentieth Century without corresponding contributions to fill gaps with which 
~ every designer has still to struggle. 
Two research committees of the Society that functioned for many years, 
(Hydraulics and Flood Flows), ceased to exist several years ago without 
: definite accomplishments. A considerable number of problems which might 
_ appropriately have been investigated by the Hydraulics Committee were 
included in the program of the Committee on Irrigation Hydraulics. 
E Other problems remain that are of concern to water supply engineers (and 

other hydraulic engineers) which an active research committee could well 
~ undertake. Among these are: (1) Increased losses of head in pipes with 
 yarious kinds of coatings as affected by age and kind of water; (2) losses of 
head in fittings, valves, check-valves, and transitions of various common kinds; 
(3) effect of piers and changes of section on flow in streams, including laws 
' of recovery of velocity head; (4) water-hammer and its control; (5) special 
methods of measuring water (for example, electrolytes, photopitometry, etc.) ; 
and (6) laws of scale relationship of hydraulic models: (a) For conduits, 
channels, ete.; and (b) for mixing and sedimentation basins, etc. The first- 
named subject in relation to steel conduits was considered and a program 
was laid out by a committee of the American Water Works Association in 
1932, but lack of funds has prevented progress. 

The systematizing of flood-flow data would be of great use to water supply 
engineers as affecting the design of spillways and the safety of dams and the 
population below them, and a way should be found to promote this work. 
Kindred to it also is the matter of run-off records. Without earnest pres- 
sure from water supply, irrigation, and canal engineers, records of many 
important streams will doubtless be interrupted. The Society, and perhaps 
through it, American Engineering Council, may aid in promoting Govern- 
‘ment stream-gauging work. 

The matter of gravity masonry dams ig also one on which there has always 
been need of more authoritative pronouncement, since it is still not clear 
what upward water pressure and what ice pressure should be allowed 
and what factor of safety should be demanded. Two strong committees of the 
Society are studying this subject, but dams continue to be designed with 
greatly varying assumptions. 

Flood flow and spillway provisions continue also te be widely at variance 
for lack of adequate authoritative pronouncements. Water-hammer and its 
possibilities as to piling up destructive pressures by coincidence of two or 
more wave peaks is still an enigma which may be responsible for unexplained 
failures. It should be clarified. 

Many competent engineers are unemployed. Examples of useful employ- 
ment of such engineers on technical investigations paid for with relief funds 
have been furnished in certain localities, notably Massachusetts. The Com- 
mittee suggests the possibility of similar Work on some of the hydraulic 
research projects mentioned in this report, notably gaugings of pipe lines. 


t 
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NotasBLte ADVANCES 


The Committee has been considering what it should do as to reporting 
yearly to the Division, advances in the art of water supply engineering. At 
first, this may seem an axiomatic and simple proposal, but much thought was 
given to it by a previous committee. The only feasible method appeared to 
be by means of a considerable enlargement of committee personnel, possibly 
by appointing affiliates and thus covering the field which is so extensive and 
advancing so rapidly that without such help the results would be provincial 
and localized—not worthy of the national scope of the Society. 

The collection of data or raw material might be fairly simple, but meetings 
could not be held without funds, the appropriation of which is almost out 
of the question, at least for the immediate future. 

As examples of the kind of advances which might be reported, the Com- 
mittee has listed the following: (a) Improvement in methods of developing 
deep graveled wells so as to increase the yield greatly; (b) the development 


£ durable bituminous and cement mortar coatings for the interior of cast- . 


iron and steel pipes, leading to a greatly increased life expectation of little- 
impaired carrying capacity; (c) the development of clearer principles govern- 
ing allocation of interstate waters; (d) improvement in the art and technique 


of designing hydraulic and semi-hydraulic fill dams; and (e) the application 


of activated carbon, of ammonium chloride, and of fullers’ earth in removing 
tastes and odors from water. The mere listing would not be of much assist- 
ance. Brief but adequate description, reference to sources of information, 
and finally, perhaps, appraisal involving personal opinions of the members 
of the Committee. The latter is a question requiring careful consideration, 


and it is recommended that the Committee give it further thought with the 


help of the general officers of the Sanitary Engineering Division. 


As to the question of hydraulic research, the Committee is tentatively of 
the opinion (subject to discussion with the officers of the Division and the ~ 


Society) that this falls within the scope of the Society’s research committees 
and that the Committee of the Sanitary Engineering Division on Water 
Supply Engineering can best function by making suggestions. An exception 
might be made, perhaps, in obtaining coefficients of existing pipe lines which 


does not involve theory so much as knowledge of the location of favorable — 
opportunities and the organization and instruction of parties competent to — 


make gaugings. Aid from a research committee as to methods might well 
be foneht 2 in this case. . 


PART 2.—STATUS OF THE ART OF WATER SUPPLY 
ENGINEERING 


INTRODUCTION 


A review of progress made by the Committee to date is incorporated in 
Part 2. In this work help has been sought from many non-members and 
sincere acknowledgment is made for their assistance. 
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At the beginning of its labors the Committee outlined a series of topics 

which was distributed among the members of the Committee and thirteen 
“non-members in various parts of the country. The widest latitude was 
- invited as to the inclusion of other topics under which advances could be 
_ indicated. These topics were, as follows: 


1.—Examples of new types of construction (fabrication, design, or pro- 

cesses), involving the application of principles or methods not previously 

j used, or at least used only in a few cases not well known. This might cover 

_ improvements in: 

(a) Placing earth-fill in dams, of controlling the selection of material 
used, or of measuring the degree of compactness obtained. 

(b) Placing concrete. 

(c) Cooling concrete in the heart of thick dams. 

(d) The prevention of corrosion of water pipes with resulting coefii- 
cients of flow where available. 

(e) Applications of chemicals used in the purification of water. 

(f) Arrangement of battles, or other devices for facilitating sedimenta- 


tion. 
(g) Purification processes, or novel arrangements of common purifica- 


tion devices. 
(h) Pump, motor, or engine designs. 
(4) Check valves. 
(j) Types of pipe. 
2—Examples of advance in the more theoretical or experimental aspects of 
water supply engineering, such as: 
(a) Water-hammer and its prevention. 


(b) Measuring devices, such as Venturi flumes. 
(c) Loss-of-head measurements useful in the design of piping. 


: 3 New materials developed or adapted to water supply engineering, such 
as: 


(a) Cement of special chemical composition. 
(b) Application of new alloys, bronzes, ete., of improved strength or 


corrosion resistance. 
5 4.—Progress of such committees as: The Committee of the Society on 
~ Dams; the Committee of the American Standards Association, on Cast Iron 
Pipes; and various committees on steel pipes. 


Not all the foregoing topics were covered in the various replies, but the 


Committee, in assembling the data, has filled in all possible gaps. Part 2 is 


arranged somewhat in accordance with this list of topics, but with some 


changes in order. 
CEMENT 


é In recent years the significant development is a trend away from the: 
so-called “standard specifications” for Portland cement. The advanced engi- 
-neer is now specifying cement to meet his particular needs. Quick-setting 
cement is necessary for highways, whereas slow-setting and low-heat cement 
is required for massive masonry structures. 
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Rapid hardening of cement is accompanied by great evolution of heat, 
and it is possible that this desirable quality is obtained at the expense of 
later durability and permanence, particularly in exposed locations. 

The ‘rapid-hardening variety depends mainly on an increase in the lime 
content which is thought to cause an increase in the more active constituent, 
tri-calcium silicate. The slow-setting, low-heat cements are made with less 
lime, less alumina, more ferric oxide, and more silica. They harden with 
relative slowness and give rise to much less temperature than, occurs with 
cement of standard specifications. In general, these cements give promise of 
maximum durability under severe conditions of exposure and show a maximum 
resistance to the action of “alkalis”, such as sodium sulfate and sea water. 


ApvANCES IN ConstrucTION, Fasrication, Dxsian, Ere. 


Placing Concrete—Methods unusual in masonry dams were used in Pine 
Canyon Dam. About 500 000 bbl of cement were purchased under specifica- 
tions requiring that the heat development during setting should not be more 
than 65 calories per gram at 7 days, nor more than 80 calories per gram in 
28 days. Actual tests of the cement used showed results of 55 and 65 calories, 
respectively. 

The concrete in the body of the dam had a cement-water ratio of 1.68 and 
a slump of only 1 in., or less. Internal and external vibrators were used, the 
internal type giving the most satisfactory concrete. The concrete averaged 
0.95 bbl of cement per cu yd and weighed 156 lb per cu ft. Test cylinders, 
14 in. in diameter by 28 in. high, developed crushing strengths of 2 000 lb 
per sq in. at 28 days, and 3 000 lb at 90 days. These results are about 20% 
less than those obtained by the more usual test cylinders having a diameter 
of 6 in. and a height of 12 in., with all aggregates larger than 1} in. 
screened out. 

Cooling Concrete at Boulder Dam.—The chemical reaction of setting con- 
crete releases heat estimated to average 40° F above the temperature at which — 
it is poured. The time required for a concrete structure to lose a given pro- 
portion of excess heat, other things being equal, is proportional to the square 
of the thickness. 

The purpose of cooling the concrete at Boulder Dam is to complete the 
shrinkage before the dam is made into a structural unit by grouting the: 
joints. Excess heat is being removed in a short period by circulating cold 
water through 1-in. steel pipes which are embedded in the concrete as it is 
placed. The pipes are spaced about 5 ft 9 in. from center to center through- 
out the mass. Approximately, 1 ft of embedded pipe is required for each | 
cubic yard of concrete to be cooled, 

Equipment for cooling water consists of a 3-unit refrigerating plant hava 
ing a total capacity of 600 tons of ice per day, and a cooling tower‘of a rated — 
capacity of 6 000 gpm, to which the heated water is returned for re-cooling.- 
More than one-half the heat of the concrete will be extracted by water 
pumped directly from the cooling tower. The final process is supplied by the 
refrigerating plant. : 
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Earth Dams.—No new principles have been applied recently in the con- 
struction of earth dams, but doubtless there is a more general understanding 
_ of the selection of material by determining its perviousness, moisture con- 
tent, and grain size in hydraulic-fill dams, as illustrated by the Cobble Moun- 
- tain Dam, of the water supply for Springfield, Mass. In compacting tolled 
_ dams the “sheep’s-foot” roller has been used increasingly, particularly in the 
_ West. This has been found to give a high concentration of pressure on 
the material to be rolled. An almost equally high degree of pressure was also 
~ obtained in the Chenery Reservoir, of the Contra Costa Water Company, 
near San Francisco, Calif., by the use, for transporting material for the dam, 
of 71%-ton, solid-tire, trucks each loaded with about 7 or 8 cu yd of material. 
The unit weight of rolled embankment is frequently checked, either by 
weighing cores cut by a special steel tube, or by weighing material cut from 
measured excavations of approximately 1 cu ft. 


Prive AND Pipe CoaTINGsS 


Fabricated Steel Plate Pipe——The ‘general acceptance of automatic fusion. 
-welding for shop fabrication has made possible a steel plate pipe with a 
‘smooth waterway, the field joints being fabricated either by fusion welding 
or by couplings of a special type, or by both, in the samé line. An Eastern 
example is the 10-mile line of 30-in. steel pipe of the Panther Valley Water 
Company, at Tamaqua, Pa., laid in 1932. In this pipe four 80-ft lengths 
were assembled over the trench and the field joints butt-welded with a metallic 


are, the 120-ft assemblies being then connected in the trench by couplings. 


A Western example is the 544-mile, 78-in. line laid in Seattle, Wash., in 1933. 
In this line the field joints are double-lap welds, one end of each pipe being 
expanded to form a bell into which the end of the adjacent pipe fits with 
a lap of about 24% in., the joint being then welded inside and out. 

Cast-Iron Pipe.—The trend in the field of cast-iron pipe is definitely 
toward. the centrifugal type. While production during 1933 was at a low 
ebb at least two important foundries closed their pit cast shops and are con- 
centrating on centrifugal pipe. \ 

Spiral Welded Pipe.—Steel pipe made with plates wound spirally and with 
joints. both interlocked and electrically welded, has shown good qualities under 
bursting tests in the laboratory, and has come into the market to a limited 
extent in competition with steel pipes made with the usual longitudinal joints. 
It is regularly supplied with spun mortar lining and exterior coatings or 
wrappings as required by the customer. 

Pipe made of asbestos fiber and Portland cement, consolidated under heavy 
“pressure, is a new entry in the American pipe field although it has been used 
extensively for some years in Italy. It is offered for resistance to tubercu- 
lation by water, to soil corrosion, and to electrolysis, and, in industrial plants, 
to corrosive gases. In addition to industrial installations, experimental 
municipal water supply installations of a few hundred to a few thousand feet 
have been made since 1932, to combat soil corrosion, tuberculation, electrol- 


ysis, or red water trouble. 
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PROTECTIVE COATINGS AND Linines 


Cement Mortar Linings——Cement mortar linings for cast-iron pipe have 
become widely accepted. For several years the City of New York has over- 
come one of the objections sometimes found to cement-lined pipe—that is, 
hard and caustic water when the pipe is first put into service—by having all 
its cement linings coated at the shop with an asphalt paint selected so as 
not to impart taste or odor to the water. Flow tests of a 16-in. cement-lined 
pipe at Charleston, S. C., indicated a coefficient of 135 in the Williams and 
Hazen formula in 1923 when the pipe was hew and practically the same 
(actually 143) in 1933. Several tests'on Long Island show coefficients of 
about 140 in cement-lined pipe two or three years old. 

Cement mortar linings and coatings for large steel pipe are coming into 
use. In California a number of lines up to 60 in. in diameter have been 
lined and coated at the shop, the lining being applied centrifugally and, in 
some cases, a reinforced envelope of mortar or gunite is then placed on the 
outside. To provide stiffness for rail and truck transportation and laying, 
it has been the general practice in the larger sizes of pipe to make the com- 
bined thickness of lining and jacket about 2 in. The water supply tunnel 
under the entrance to Vancouver Harbor, completed in 1933 for the Greater 
Vancouver Water District, is lined for water-tightness with thin steel pipe 
having a 2-in. lining of fine concrete centrifugally applied at the shop and 
delivered to the site by barge. These pipes, when lined, were 7.50 ft in — 
diameter for the tunnel and 8 ft in diameter for the shafts; the shells were 
only 5/32 in. thick and to diminish the weight in handling no outside mortar 
was placed at the shop, the space between the pipes and the tunnels being 
filled solidly with concrete. A machine for applying a smooth mortar lining 
to a 36-in. pipe, or larger pipe in place in the ground, has been demonstrated 
successfully on a short length. 

Cement Wrapping.—Cement wrapping has been applied by machine as an 
outside protection on two important lines. Twenty-five miles of 56-in. and 
66-in. fusion-welded, steel pipe with riveted field joints in 30-ft lengths was 
wrapped in 1930 and 1931, with a 34-in. mortar envelope for the Hetch Hetchy 
Aqueduct in California, and 514 miles of 78-in. fusion-welded steel pipe with 
double-welded lap field joints was wrapped with 1% in. of mortar in 1933 for 
the City of Seattle. The pipes are reyolved in a machine and a ribbon of 
mortar, supported on a ribbon of wire-mesh reinforcement, is wrapepd 
around the revolving pipe by a traveling carriage. The tension on the wire 
mesh forces it into the mortar and the entire unit is finished and compacted 
by a ribbon of cotton fabric wound on the outside under suitable tension. 
Mechanical vibration is also used to compact the mortar. The field joints 
in the mortar envelope are made by hand-wrapping with mortar, wire mesh, 
and cotton fabric. 


at 


Hard Bituminous Enamels.—Hard, bitumastic enamel, centrifugally 
applied, has been used for several years in cast-iron pipe. The hard coal-tar 
enamels applied at the shop have sometimes caused difficulty when exposed 


| 
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to a wide range of winter and summer temperatures in the purchaser’s yard. 

During 1933 small centrifugal machines have been. developed, with which 
the pipe purchaser can apply bitumastic enamel to tar-dipped pipes in his 
own yard immediately before laying. The Washington (D.C.) Suburban 
Sanitary District, the New Haven (Conn.) Water Company, and the Water 
Departments of Newark, N. J., and Newton, Mass., have been lining their 
own pipes by this method. 

Testing Bituminous Coatings——During the past year or more a method of 
testing for pin-holes and “holidays” in heavy bituminous coatings has been 
under development, making use of a high-potential electric spark, This 
method has been applied to such coatings on the outside of a number of gas 
and oil lines. It appears to be capable of discovering every pin-hole, large 
air-bubble, or other important mechanical defect in the coating and in its 
use; each defect discovered is immediately repaired, and the repaired pipes 
are re-tested. Provided the pipe can be laid and back-filled without damaging 
the coating, it promises to make possible coatings substantially 100% mechani- 
cally perfect. The method appears to be entirely applicable also, to the 
inspection of heavy bituminous coatings on the inside of large water pipes 
and penstocks. 

A review of the recent progress in pipe coatings would be incomplete with- 
out reference to the admirable co-operative investigation of underground cor- 
rosion and pipe coatings being conducted by the National Bureau of Stand- 
ards, the American Gas Association, the American Petroleum Institute, and 


- many individual utilities and manufacturers of pipe materials and coatings. 


This investigation is rapidly placing the entire difficult problem of under- 
ground corrosion and protective coatings, and the economics of the protection 
of buried pipe lines, on a sound engineering basis, 


Taste aND Opor REMovAL 


_ Activated carbon will remove any objectionable taste or odor likely to be 
present in a water supply. It is effective when all other methods fail. There 
is a great difference in absorptive capacity of various carbons, and a very 
active carbon is more than one hundred times as effective as ordinary char- 
coal. Activated carbon is effective and economical for the removal of excess 
chlorine. It is not necessary, however, to use an activated material for this 
purpose. For such tastes and odors as may be destroyed by an excess of 
chlorine any material which dechlorinates the water is satisfactory. 

Fuller’s earth for removing tastes and odors has not proved its value, 
although several operators report their belief that its use is worth the cost. 
“One operator reported to the Committee his belief that the main advantage 
of Fuller’s earth is in inducing an extra heavy alum floe which, in turn, 
aids in the removal of tastes and odors. 

Some other materials containing carbon or potassium permanganate have 
been used probably with some effect, but not equal to the effect of activated 


carbon. 


ie > cs 


. a pipe, the lower end of which was kept below the surface of the rising grout. 
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APPLICATION OF CHLORINE IN WATER PurRIFICATION 


Improvements continue in the methods of applying chlorine both with and 
without ammonia, and by determining the quantities which are required. It 
may almost be said that a new technique has been developed for the determi- 
nation of chlorine residuals, and the water-works operator is advised to con- 
sult recent literature on this subject if he has not kept himself abreast of 
the progress in this respect. 

The usefulness of pre-chlorination in heavy doses and areation for the 
treatment of badly polluted supplies and those having tastes and odors has 
been proved in recent installations. ; 


BAFFLES FOR SEDIMENTATION Basins. 


F. P. Larmon, M. Am. Soe. C. E., has applied the slatted cross-baffle success- 
fully in several sedimentation basins which were not giving full satisfaction. 
Such baffles have been common in Imhoff tanks, but the Committee is not 
aware of their previous application for water purification. 


SEALING or Weis Aacainst SALT 


The problem of sealing wells against salt, a troublesome one in some well 
fields, where both salt-water and fresh-water strata occur, with clay separation, 
has been solved, according to J. A. Wade, M. Am. Soc. C. E., in a well driven at 
San Mateo, Calif., by the use of two casings with an annular space about 
2 in. wide between. This space was filled by oil-well grout poured in through 


The narrow space outside the outer casing, left by the steel shoe, is to be filled 
with clay. 
Improvep Pumps AND PRIME Movind 


The Committee has canvassed the field of pumps and prime movers with _ 
considerable care. As is well known to water supply engineers the centrifugal 
pump has replaced all other forms to a large extent. One manufacturer 
reports his increase in marketing of centrifugal pumps, as follows: 


Total capacity sold, 


Year in million gallons daily 

OOT OUTS TOL Laas ae eae ees! gare 25 
POLOCITIAMI OR. UG ORO te vear Osh rebaedses 150 ; 
LOLSawaesh. at. woe. un. etelan haw eae 1 350 

1920: 2h. wotiu, othr. doientedhiei ined an de 8 500 

1930 3 ape peahisteie «) 14 000 ‘ 


The increased use of the centrifugal pump is due to higher pee | 
better adaptation through a wider range of conditions, the possibility of | a 
single-stage unit against higher head, proof of low maintenance cost, and 
ability to maintain approximately the original efficiency, 

Whereas, twenty years ago, efficiencies of 80% were high, étctsiiates up 
to 91.5% are now obtainable in the larger sizes. In April, 1933, an efficiency 


of 91.5% was offered in Chicago, Ill., in a contract for six pumps (50-mgd, 


f 


e 
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514 rpm, against a head of 136 ft). The increase in efficiency has been due 
primarily to extensive shop testing and experimental development under con- 
ditions of keen competition among the manufacturers. The improvement in 
efficiency has been accomplished primarily by better hydraulic design of 


- impellers and casings, reduction in cavitation, and higher speeds available 


from the driving element. No improvements can be attributed to mechanical 
features, such as close clearances, which are difficult to maintain and, there- 
fore, such improvements have been due to designs which maintain their value 
and are not easily lost by wear. ? 


Commenting on the disappearance from the field of the high-duty triple- 


| expansion pumping engine which obtained a maximum duty of 215 000 000 


ft-lb per 1 000 lb of steam, one contributor gave a notable example of the 
frequently observed reduction in space required when substituting centrifugal 
for pumping engine units. A 60-mgd, steam-turbine, gear-driven, centrifugal, 
pumping unit operating against a 300-ft head was placed in the same floor 
space as was previously required by a 20-med, vertical, triple-expansion, pump- 
ing engine. The duty of the new unit was greater than 195 000 000 ft-lb per 
1 000 Ib of steam, as compared with approximately 214 000 000 ft-lb for the 
pumping engine. If more modern high-pressure and high-temperature steam 
had been available, the turbine-driven unit could have been made to equal the 
pumping engine in duty. 

The electric motor is being increasingly used as a prime mover, because 
of its convenience, the little attendance required, its high efficiency, and the 
greater availability of electric power. Synchronous motors for installations 
larger than 100 hp are generally used, and efficiencies have been generally 
increased. The first cost is practically the same as that of the induction 
motor. At Chicago, in the installation previously cited, one bidder named an 
efficiency of 98.41% for synchronous motors of 1 500 hp. Tests of synchronous 
motors recently installed in New Jersey and having 350 to 650 hp averaged 
96.5% at full load. ; 

There is an increased use of the Diesel engine in sizes of less than 400 
hp. This is the result of a growing recognition of the economy and relia- 
bility of this type of prime mover, emphasized in some municipalities, by the 
high cost of electric energy, and, in others, by the continued low cost of fuel 
oil. 
That there is a continuing field for steam turbines in pumping plants 
js shown by the following information abstracted from an interesting mono- 
graph written for the Committee by A. P. Pigman, Chief of the Mechanical 
Department of the American Water Works and Electric Company. Mr. 
Pigman regards the high-speed turbine as the outstanding development in 
steam pumping-station practice during the past few years. Turbines with 
high thermal efficiency and low first cost are now available in capacities as 
low as from 200 to 300 hp. The result is that these efficient drives are now 
installed almost exclusively in steam plants requiring more than 200 hp. 
When the high turbine efficiencies are united with a steam eycle using high 
steam pressure, super-heat, and high condenser vacuum, it ig not unusual 
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to obtain a water rate of about 11 to 12 lb of steam per bhp-hr on smaller 
turbines, 9 to 10 Ib on turbines of 1 000 hp capacity, and 8 to 8% lb in 
some of the larger water-works turbines ranging in size from 2 500 to 
5 000 hp. 

In. the larger sizes these turbines generally run at a speed of 3 600 rpm, 
and the speed increases, with the smaller sizes, to 7 000 or 8 000 rpm. The 
number of stages generally varies between five and fifteen, the larger, lower- 
speed turbines having the greater number. With careful engineering a tur- 
bine and condenser, including speed-reducing gear for driving the pump, 
can be installed complete, with foundations and auxiliaries, at a cost of 
between $40 and $60 per hp over a range of sizes from 300 to 5 000 hp, and 
somewhat more than that for sizes between 200 and 300 hp. These turbine 
installations lend themselves to-control, partly automatic and partly by hand, 
by which both pressure and quantity of water pumped may be varied as 
required by consumption or, in some cases, by extra pressure needed in case 
of fire. ; : 

The Committee is unable to report much progress in economical speed 
control of alternating-current electric motors. Double-wound motors (which 
are practically two motors in one housing and have two synchronous speeds 
such as 720 and 514 rpm, or 1200 and 900 rpm), are sometimes used for 
sewage plants. Occasionally, four speeds are provided by using, in addition 
to the double-winding, a pole-changing switch which connects the poles either 
in series or by pairs in parallel, thus providing four speeds, such as 1 200, 
900, 600, and 450 rpm. These changes in speed are too great to provide for 
flexibility in a water pump supplying variable demands. A _brush-shifting 
type of motor which permits practically any speed from 100% to 33% is 
often used for printing presses and similar service, but its cost is practically 
triple that of the synchronous motor and quadruple that of the squirrel-cage 
motor. ; 

Some years ago a device for speed-control was developed in Switzerland, 
which also permits practically any speed which would be required. The regu- 
lation is accomplished electrically at slight loss in efficiency. The device 
is economically applicable to motors of larger size, say, 400 hp. and up. 
Unfortunately, the system appears to be economically applicable only to a 
constant torque load, such as that required to drive a triplex pump against 
a constant head. Apparently, this device has not made headway in America. 
In smaller sizes, mechanical speed-adjusting gearing has been developed to 
some extent. 

Speed control is a field that requires further development in order to per- 
mit something like the degree of flexibility for the centrifugal pump that has 
made the high-duty pumping engine so convenient in the operation of water- 
supply plants. 

' ImprRoveD CHECK VALVES 


‘The ordinary swing check valve, while cheap in first cost, is expensive to 
operate, using generally not less than 21% velocity heads. One valve manu- 
facturer has been conducting many experiments and has made material 


} 


.® 


4 


3 December, 1934 WATER SUPPLY ENGINEERING 1483 


_ improvements in the water way of swing checks, reducing the friction loss 
to less than one-half its former value. The cone type of check valve (which, 
when open, gives a full round port) and other check valves of the needle 
type, have been increasingly used both to reduce friction head and in con- 
nection with the control of water-hammer. 


HyprAvLics 


Water-Hammer.—The Society has not been active in the study of the 
important subject of water-hammer. The American Society of Mechanical 
Engineers has inaugurated important studies on this problem and has invited 
co-operation from other agencies. 

This subject enters directly into the design of pipes, pumps, and water 
containers of all kinds. Standardization committees having to do with pipes 
and fittings have been considerably embarrassed by lack of authentic 
information. ; 

VenturI FLUME 


A 10-ft Parshall measuring flume has been installed at Providence, R. L, 
utilizing the principles of a Venturi meter and attaining similar accuracy. 
This device is beginning to find use in measuring water or sewage in the 
hydraulic grade line. | ; 

Loss-oF-Heap MrasuREMENTS 


An extended series of loss-of-head measurements on 6-in. bends, tees, and 
crosses was completed in 1930 for the American Standards Association’s Sec- 
tional Committee A-21, on Specifications for Cast Iron Pipe and Special 
Castings. These experiments are of particular interest because the tees and 
crosses were of four designs, having sharp corners, j-in. radii, 214-in. radii, 
and 6-in radii, respectively, the latter corresponding with standards of the 
American Water Works Association. These data can be consulted at the office 
of the American Water Works Association, in New York City. 


TENDENCIES IN REGULATION OF UTILITIES BY Pusiic SERVICE CoMMISSIONS 


The economic “depression” has accelerated the re-study of methods of 
utility accounting, valuation, going concern value, depreciation, and rate- 
making. There is a tendency to change methods (including those of private 
water companies), which have been more or less generally used in recent years. 

The results of any deliberations by the Committee of the Engineering 
Economics and Finance Division of the Society, on Valuation Procedure and 
Depreciation, extending the work of the Special Committee of the Society 
to Formulate Principles and Methods for the Valuation of Railroad Property 
and Other Public Utilities,” will be timely and of great interest to members 
of the Sanitary Engineering Division engaged in water supply work. 
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DISCHARGE FORMULA AND TABLES 
FOR SHARP-CRESTED SUPPRESSED WEIRS 
Discussion 


By C. G. CLINE, ESQ. 


C. G. Cuz, Ese. (by letter).“*—As pointed out by Mr. McMillan, the 
results of the Schoder and Turner experiments must be presumed. to. be cor- 
rect until they are proved otherwise. The fact that they do not agree with 
many of the standard formulas must be taken as an indication that the 
formulas are at fault. 

Professor Draffin discusses a number of formulas and shows how’ they 
compare with the Schoder and Turner experiments. Messrs. MeMillan and 
Draffin both agree with the writer that a standard design of suppressed weir 
should be adopted, a set of carefully planned experiments should be made, and 
a standard discharge formula and tables computed to agree with the results 
of the experiments. ‘The computations can be made by using the method of 
least squares to determine the best numerical values of the coefficients in the 
algebraic formula selected. This general procedure can be followed without 
necessarily retaining the particular type of formula used by the writer as an 
illustration.. Mr. McMillan has shown that there need be no seareity of alge- 
braic formulas; his Equation (35) is relatively simple and yet seems to be 
sufficiently flexible to cover the entire range of head and height of weir. 

In the meantime, as Mr. McMillan states, either his Equation (35), or the 
writer’s Equation (18) and the tables that have been computed from it, may 
be applied with confidence for general use. 

Norp.—The paper by C. G. Cline, Esq., was published in January, 1934, Proceedings. 


Discussion on this_ paper appeared in Proceedings as follows: May, 1934, by Jasper 
Draffin, M. Am. Soc. C. E.; and September, 1934, by W. Bruce McMillan, M. Am. 


Soe. C 
13 Senior Asst. Engr. Water Power and Hydrometric Bureau, Dept. of the Interior, 
Canada, Niagara Falls, Ont., Canada. 
ease Received, by the Secretary October 26, 1934. 
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ANALYSIS OF SHEET-PILE BULKHEADS 


Discussion 


By THEODOR VON KARMAN, M. AM. Soc. C. E. 


TueEopor von KArmAn,” M. Am. Soo. C. E. (by letter).“*—The analysis of 
sheet-pile, bulkheads in this paper is a comprehensive presentation of the 
problem of designing sheet-piles loaded with active or passive earth pressure. 
In some respects this analysis constitutes a desirable extension of the known 
methods; for example, (a) Mr. Baumann has, fortunately, hit upon the idea of 
‘introducing reliable values for the passive earth pressure which has been 
measured experimentally; and (b) he takes into account the influence, on 
the load distribution, of the yielding of the soil under the passive earth pres- 
sure. After formulating the problem in the proper way, Mr. Baumann 
‘develops a method of calculation analogous to that used in the case of 
elastically supported beams, applying the theorem of least work. This method 
represents progress. 

Attention is called to Equation (63), in which it appears that the term 
corresponding to the work stored in the soil by the passive earth pressure, is 
incorrect. Mr. Baumann calculates the yield, y., due to unit load and makes 
the work equal to $ y. p*, in which, p is the actual value of the load. The ap- 
plication of this procedure seems to be restricted to the case of a linear 
relation between yield and load. However, in Mr. Baumann’s analysis, the 
load, p, is connected with the yield, y, by a non-linear relation, p = C0 »/ Y, 
in which, C is a given function of the depth (z — h). In this case, the term — 


; 2 P 1 p 
~ to be varied should be written, ydp = Ped=zak » Whereas 
Z age 3 C? 


A pal 1 F) 3 p* , 
Mr. Baumann writes, y.’ = 2 , and uses the expression, 4 y. p> = 4 £, for 
Cc? 


the work, A. 


NoTEe.—The paper by Paul Baumann, M. Am. ‘Soc. C. E., was published in March, 
1934, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: 
In May, 1934, by Jacob Feld, M. Am. Soc. C. E.; August, 1934, by Messrs. R. L. 
Vaughn, M. A. Drucker, and Raymond P. Pennoyer; October, 1934, by D. P. Krynine, 
M. Am, Soc. C, E.; and November, 1934, by Dr. Ing. B. h. 0. Franzius. 


82 Prof. and Director, Aeronautical Laborat i i - 
heue? Cane. i oratory, California Inst. of Technology, Pasa: 


82a Received by the Secretary November 5, 1934. : 
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It might be useful to explain the difference between the two viewpoints by 
a simple example. Assume that a beam is supported by two fixed supports 
at its two ends and has a “yielding” support in the center (see Fig. 22). The 
law between the reaction force, Y, and the “yield,” y (that is, the deflection 


Values of y 


Fie. 22 Fie. 23. 


of the beam), is given by the general relation, y = f(Y). The beam is 
loaded by the uniform load, q; denoting the span by 1, the deflection in the 
center, without taking into account the yielding support, would be: 


Lise oll 3 
SRA NE Nee OT ee (97 
384 IE 
The deflection corresponding to the force, Y, alone would be: 
ie gts 
AE ee aT Hae Oe eI oie or} (98 
gs 48 TE : 


Hence, the total deflection, y = yr + Ys is equal to: 
eae ibe the 
384 IE 48 LE 


and the value of the reaction, Y, is given by the equation: 


/ Di Tal gh oD An org EO rt CORIO, (100) 


384 IE 48 IE 


The same problem can be solved by the theorem of least work. The elastic 
work stored in the beam is: 


in which, M is the total moment due to the load, p, and the statically unknown 
reaction, Y. It is known (or, it can be shown by simple calculation) that 


dA, is equal to the deflection, y, at the point of application of the statically 


— 


unknown force, Y. Therefore, Equation (100) which determines Y, can be 


written in the form: 


‘Rare bys & 
ter aT 


» a, v . Ps wet) 
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ue 2 f t : So 

Making af f (Y) dY = Az, Equation (102) is equivalent to the statement: 

dd Ini yecdyioyy Saallgiet Bond bos-wbee od (103) 

dY 

or, A, + A, = minimum. 
¥ ‘ 
The quantity, A, = sf f (Y) aY, is sometimes termed the “complementary — 
ce) 


work” (“Ergaenzungsarbeit”). Its physical interpretation is obvious from 
Fig. 238. It represents the difference between the product, Y y, and the actual 


. y 

work stored in the yielding support, f Y dy. It is easily seen that in the 
fi 

ease of the linear law: 


Y y 
fv a Yop ah oY te, St oes (104) 
° Co) . 


Hence, in this case, the value of the reaction, Y, is determined by the mini- 
mum of the total work; that is, of the sum of the work stored in the beam 
and that stored in the elastic support. 

It is obvious from this example that Mr. Baumann should introduce the 


term denoting complementary work in his Equation (63). However, it is — 
believed that this minor inconsistency does not materially detract from the — 
_ value of his new analysis of the sheet-pile bulkhead problem. 
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SAND MIXTURES AND SAND MOVEMENT 
IN FLUVIAL MODELS 


Discussion 


By JOSEPH B. TIFFANY, JR., JUN. AM. SOC. C. E., AND 
CARL E: BENTZEL, ESQ. 


Josern B. Tirvany, Jr.” Jun. Am. Soc. C. E.,, and. Cari. HE. BENTZEL,~ 
Esq. (by letter)**.—The results of Captain Kramer’s work in Germany have 
been of especial value to the Staff at the U. §. Waterways Experiment 
Station, at Vicksburg, Miss., where they have been used as the starting 
point for a series of investigations of bed-load movement. Nine sand mix- 
‘tures were tested in a tilting flume, ranging in mean grain size from 0.205 mm 
(0.008 in.) to 4.077 mm (0.161 in.) 

Each sand was tested at three different slopes, 0.0010, 0.0015, and 0.0020, 
closely following the range of values used by Captain Kramer. The technique 
adopted for the tests was also similar to that of the paper, the general prac- 
tice being to set the tilting flume at the desired slope, mould the sand to this 
slope, and by adjustment of the tail-gate, to maintain the slope of the water 
surface at this same value throughout each run, thus insuring uniform flow. 
Each test was started with a small flow, usually in the range of laminar 
flow. After an equilibrium had been reached, and a complete set of observa- 
tions made, the flow was increased slightly, the tail-gate was again adjusted, 
if necessary, to maintain the proper slope, and another set of observations 
was made. This procedure was repeated, increasing the flow by small incre- 
ments, until the maximum capacity of the circulating system had been 
reached. 

The results of these studies have been assembled by the writers” and, 
therefore, it is not deemed necessary to repeat this information in the present 


Note.—The paper by Hans Kramer, Assoc. M. Am. Soc. C. E., was published in 
April, 1934, Proceedings. Discussion on this paper has appeared in Proceedings, as 
follows: August, 1934, by Messrs. John Leighly, Paul W. Thompson, and Gerard 
Matthes; September, 1934, by Messrs. R. H. Keays, and F. T. Mavis; and November, 
1934, by Messrs. V. V. Tchikoff, Morrough P. O’Brien and Bruce D. Rindlaub, and 
Herbert D Vogel. - 

8 Research Asst., U. S. Waterways Experiment Station, Vicksburg, Miss. 

53 Research Asst., U. S. Waterways Experiment Station, Vicksburg, Miss. 


58a Received by the Secretary September 17, 1934. 

5 “Studies of ‘River Bed Materials and Their Movement, witb Special Reference to 
the Lower eittlasipp! River”, Paper 17, U. §. Waterways Experiment Station. 
‘( 


Publication pending.) 
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discussion. However, the writers do wish to point out a few limitations to — 


Captain Kramer’s methods which have not before been properly emphasized. 

In the first place, it has not been found practicable by the writers 
to utilize the visual method of determining the commencement of general 
movement of bed-load. This difficulty was first encountered in the early 
stages of the studies, when water from the artificial lake was being used 
in the flume. This water was often too turbid, especially after rains, to 
allow observations at depths greater than 2 or 3 in. After the completion 
of the tests on the first three sand mixtures, however, the flume was con- 
nected with a circulating clear-water system; but it still was found impossible 
to obtain consistent results from the visual method of determining general 
movement. In spite of the care with which the operators made their observa- 
tions, the element of subjective judgment entered into the results, and it 
was frequently found that two or more skilled observers differed by as much 
as 100% in their individual selection of the point of genera] movement. 

This difficulty has been overcome by the adoption of a mechanical 
method of spotting general movement; that is, basing its determination 
primarily upon analyses of the sand in motion and comparison of these 
analyses with that of the original mixture. 

Another difficulty arose from the definition of general movement, proposed 


by Captain Kramer, namely (see “Definitions: Bed-Load Movement” (Defini- 


tion 4)), “that condition in which sand grains up to and including 
the largest are in motion”. Implied throughout the author’s paper is the 
assumption that the smallest materials are placed in motion first, the medium- 


sized grains next, and the largest grains last. From this, it follows that the — 
movement of the largest grains is the real criterion for the condition of gen- 


eral movement. Correspondence with the author has verified the fact that 
he used the largest grains as his criterion for movement, assuming that when 
they were in motion, all sizes up to the largest were also in motion. How- 
ever, the writers have found that for sands of mean grain size smaller than 
about 0.5 mm (0.0197 in.), the large grains moved first, and that if their 
- movement were used as a measure for general movement, an erroneous value 
of critical tractive force would be obtained. This curious phenomenon has 
been noted independently by several observers, and has been checked by sieve 
analyses which have been made of the sand caught in the trap at the lower end 
of the flume. 

This condition was not observed in the two largest sands tested, the mean 
grain sizes of which were 4.077 mm (0.161 in.) and 0.586 mm (0.023 in.), 


oe 


respectively. It was cbserved, however, for each of the other seven mixtures, _ 
all of which were of smaller mean grain size than the finest mixture tested _ 


by the author. 

Fig. 18 illustrates this condition. The mean grain size > of the material in 
motion (as determined from sieve analyses of the trapped materials) is 
compared with the mean grain size of the original mixture in Fig. 18(qa) 
(see the horizontal dash-dot line). The average size of the material in 
motion in the first five runs in this test on Sand No. 4 was much larger 
than that of the original sand mixture. It was only after the appearance 


. 
e 
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of riffles, at a much higher value of tractive force than the critical cited by 
Captain Kramer, that the materials in motion in this test became reasonably 
representative of the original mixture. 

In Fig. 18(c), the curve for the rate of bed-load transportation illustrates 
another weakness in Captain Kramer’s definition for critical tractive force. 


Laminar Flow 
Laminar and Turbulent Flow 
Turbulent Flow 
Smooth Bottom Riffles Developing>}-<——_—_—_—_—_—— General Sortie ees ae 
a 


: a 
= Mean Grain Size, 
Material in Motion 


Values of a (in mm) 


As 
SS ay A: 


Manning's n _ 


Mean Velocity in Feet per Second 


0.3 
Depth in Feet 


Fic. 18.—Srupy or Sanp No. 4; SLOPE, 0.001. 


0 ; 0.2 


With this sand, and with all the seven finest mixtures tested, there was a 
gradually increasing rate of movement on a smooth bottom, up to the. point 
where riffles began to form. At this point the bed suddenly. became much 
rougher, the velocity decreased, and the depth for a given discharge had to 
be increased by raising the tail-gate, in order to maintain uniform flow. The 
result was an appreciable slowing down of the movement of the bed-load, 
with a complete cessation of progressive down-stream movement in the case 
of the finest mixtures.. The author’s value for critical tractive force, however, 
either from Equation (10), or from his visual method, locates his “oeneral 
movement”. on the smooth bed; and at higher values than his “critical”, 
there may be almost no bed-load movement at all. This fact is well illustrated 
in Table 9. The value, do, in Fig. 18(c), is the depth at which “general 
movement” obtains on the smooth bottom, according to the author’s method. 
Fig. 19 shows the values of critical tractive force plotted against the sand 
characteristics. The experimental value for Sand No. 4 is seen to be 0.0084 
Ib per sq ft, and the value as taken from the author’s curve in Fig. 19 


Sand Discharge in Pounds per Foot of Width per Hour 


ss ’ ef... ee ee | WS 7? oo? ee _———— 
t ‘ i ’ poe ay pe re \ 
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is 0.0070 lb per sq ft. For a slope of 0.0010, the latter tractive force is 
obtained at a depth of 0.112 ft. Fig. 18(c) shows that at this depth there 
was practically no movement of Sand No. 4. 


Values of 4g (e,—p), in Metric Units 
1.0 2.0 3.0 4.0 S : 


— I SSS —— 3 , 
KRAMER FORMULA __| MODIFIED FORMULA UNITS 110 
dg ~ 0.0038 dg Ty in tb per sq ft ———s 
o= 0.00138 M (p,— P) ig .00 1 Mt (e,— P) doin ane ie 100 
T in eras persqm 
eee [ann | eo 
a in cane per cucm 
aE aaa a |__| esttan 


Rate of Bed-Load Movement 
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ppreciable in This — Phe 
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Values of Critical Tractive Force, 7p, in Grams per Square 


Values of Critical Tractive Force, To, in Pounds per Square Foot 


5.0 6.0 7.0 
Values of $8 (,—0), in English Units 


Fie. 19. 


0 1.0 2.0 i 4.0 


In Fig. 19 the authority for the plotted he ve may be identified, as 
follows: 


Points Authotity 
1 to 8..............U. S. Waterways Experiment Station 
le i) iy ne a - Hans Kramer 
AR Saag teeters oe ao te . F. Schaffernak 
Btof..............A. Schoklitsch 
GRAGa la taihne denote . H. Krey : 
ELC CN sceichel etal «sleds ac . Prussian Experiment Thetitute for Hydeanlié N 
Engineering and Shipbuilding 
1 Ee AR BARTS Sab .H. Engels 
Sitoy Viewoue. + vejedycteje Qe Ky Gilbert a 


The values at the Experiment Station were obtained from an analysis 
of the data after the completion of the tests, and were selected to conform 
as closely as possible to Captain Kramer’s definition. In their selection, due ; 
weight was given the visual classification of the movement noted during the 
test, the rate of movement, and the roughness value of the bed, and it is 


rg Net <e 


believed that they are consistent with the author’s data. The following 
criticisms should be made of Fig. 19: { 
1.—A new curve, parabolic in shape, has been drawn to replace the straight : 
line drawn by Captain Kramer through his points. The equation for the — 
“modified” curve is (7's, in pounds per square foot; Dg, in inches; and p; and p, - 
in pounds per cubic foot): 
T, = 0.0038 st (py: Bh kee SRK Gane ae (27) 


_——-~ WOOO ————————————— 
2«“The Transportation of Débris by Running Water’, by G. K. Gilb Pro ‘onal 
Paper No. 86, U. S. Geological Survey, Washington, 1914. 4 mberhs “Sr Oleae 
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ok j A . 
= (T., im grams per square meter; Dy,.in millimeters; and p: and p, in 
_ grams per cubic centimeter), 


T, = 29 SE pump)» ecdetlos ce ci da (28) 


which corresponds with the author’s Equation (10) for the straight line. It 
must be noted that in Equations (27) and (28): the coefficient before the 


M2 


radical no longer is dimensionless, but has the units, (using the mass- 


. 1 
| length-time system). 

ee 2.—It is believed that the part of the curve to the left of the abscissa 
z value of 5.0 (English units) has no practical value, and should not be used 
for any practical design work, either in hydraulic models or in regulatory 
~ works for rivers. The reason for this limitation is that sand mixtures fall- 
_ ing within this range will riffle to abnormal heights at values of tractive 
force higher than those indicated by the curve, and will cause a retardation, 
or even a cessation, of the rate of movement at tractive force values greater 
than the author’s “critical”. Table 9 illustrates this fact. 


TABLE 9.—Rerarpation or Bsp-Loap MovEMENT AT Tractive Forcrs 
Asove tun AutHor’s “OriTICcAL” 
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Meran Grain Rate or MoveMEnT, 
Sizn: Value of Critica, TRAcTIVE Forcn, | In PounDs PER Foot 
Uni Dg in Pounps PER SQuARE Foot] WupTH PER Hour 
: nl- aa (p:— P) (Dry WeIcHT) 
~ Sand formity, |= =< 
No. modulus, | ? boos bearer? : Tit 
Milli- tye ae Average| Value Value At ensy 
meters Inches pads at experi- | from from, | eritieal aa ae nee 
cubic 100 mental | author’s| modified | tractive Sore 
value curve curve force paces all 


(a) Unrrep States WATERWAYS EXPERIMENT STATION 


1 0.586 | 0.0230 0.280 8.50 0.0094 ) 0.0117 0.0112 2.54 1.5 
2 0.541 | 0.0213 0.439 5.04 0.0088 | 0.0069 0.0086 1.0+ 1.0+ 
3 0.525 | 0.0207 0.539 3.98 0.0088 | 0.0055 0.0076 1.04 ue) 

4 0.506 | 0.0199 0.406 5.04 0.0084 | 0.0070 0.0086 1.04 0.04 
5 0.483 | 0.0190 0.438 4.49 0.0080 | 0.0062 0.0080 1.04 0.10 
6 0.347 | 0.0137 0.643 2.20 0.0060 | 0.0030 0.0057 0.02+ 0.0 
7 0.310 | 0.0122 0.525 2.40 0.0066 | 0.0034 0.0060 0.10+ 0.03 
8 0.205 | 0.0081 0.560 1.50 0.0047 | 0.0021 0.0047 0.04+ 0.0 
9 4.077 | 0.1605 0.566 29.20 0.0580 | 0.0404 0.0205 1.0 1.0 

(ob) THe AUTHOR 

T | 0.705 | 0.0278 0.358 8.27 0.0106: 0.0414 2 030110 | Foden en een 
TI | 0.558 | 0.0220 0.461 5.06 0.0080 | 0.0070 OL0086) | hack acwace iby eapesetes 
III | 0.800 | 0.0315 0.414 8.06 0.0098 |} 0.0112 IOUS “leat. eMart 

ee 


The experimental values of critical tractive force for Sands Nos. 1 and 2, 
Table 9, throw some light on the value of the uniformity modulus, M, which 
was proposed by Captain Kramer as a measure of voids ratio. These two 
sands differ by only 0.045 mm (0.0017 in.) in mean grain size, but their 
uniformity moduli are 0.280 and 0.439, respectively. In spite of this great 
difference in M-values, the critical tractive forces were nearly equal, being 
0.0094 and 0.0088 Ib per sq ft, respectively. Although this one fact is not 


sufficient evidence on which to accept or reject the use of the uniformity 
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modulus, M, it does indicate that it might be more reasonable to give it less 
weight in the equation for critical tractive force. 

A preliminary investigation has been made to determine whether the 
value of M is a reliable measure for the voids ratio. Nine mixtures were 
moulded in the tilting flume, separated from each other by wooden parti- 


tions, and allowed to stand under water for some hours under like conditions. — 


Two samples were then taken from each mixture, and the mean grain size, 
uniformity modulus, and voids ratio for each were determined. Table 10 


TABLE 10.—Reuation Between Unitrormity Moputus (M) ann Vorps Ratio 


Mean grain size, in millimeters | Uniformity modulus, M | Voids ratio 


(a) Unrtep STATES WATERWAYS EXPERIMENT STATION 


0.566 0.30 0.61 
0.668 0.33 0.63 
0.557 0.42 0.68 
0.505 0.42 OLT 
0.349 0.43 0.73 
0.547 0.44 0.65 
0.216 0.53 0.85 
3.761 ; 0.54 0.65 
0.240 0.58 0.86 
(b) Taz AuTHOR 
0.705 0.36 0.62 
0.800 | 0.41 0.67 
0.558 0.46 0.63 


contains a summary of the results of these analyses, the values for voids 
ratio being the average of the two values determined. 


© U.S. Waterways Experiment Station 


Voids Ratio 


“0.3 0.4 0.5 0.6 
Values of Uniformity Modulus, M : 
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“Table 10(b) contains values for Captain Kramer’s sands, Nos. I, III, and 
II, respectively. These values were listed by him in his BEATE paper 
(record manuscript on file in Engineering Societies Library), for loose 
sand under water, the condition sizilar to that. under which the nine samples 
“were tested at. the Waterways Experiment.Station. 
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(see Fig. 20) indicates that while there may be a tendency for the one to 
“vary” ‘with ‘the other, the points are too scattered to show any consistent 
"relationship. 

ey In conclusion, it must be recognized that ithe author has piven an impetus 
to the. study of bed-load movement. It is gratifying to note that much 
thought is now being given to this subject. 


Plotting the values of M against corresponding values of roe ratio ° 
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LABORATORY TESTS OF MULTIPLE-SPAN 
REINFORCED CONCRETE ARCH BRIDGES 


Discussion 


By M. HIRSCHTHAL, M. Am. Soc. C. E. 


M. Hirscutwar,” M. Am. Soc. C. E. (by letter).”*°—Of special interest are 
the effects, described in this paper, of expansion joints in the deck of the 
spandrel construction on the resistance of the arch ring or rib. There is no 
doubt that a continuous spandrel system extending from pier to pier, fixed 
to the arch at its various points, will increase the resistance of the arch rib 
or ring, to the various stresses to which it is subjected. This is natural, since 
the structure then becomes a braced arch or a Vierendeel truss with a curved 
lower chord and laterally supported top chord. 

The difficulty lies in the necessity of designing each of the joints of this 
rigidly connected frame to resist the distortions due to the movement of the 
arch, particularly under the action of temperature stresses. With a drop in 
temperature the crown of thé arch falls while the haunches rise, which action 
is transmitted to the deck through the spandrel columns or walls, causing dis- 
tortions at their junction with the deck. These distortions increase greatly 
with long arch spans and high spandrel systems and require heavy sections to 
resist them. 

The object in providing intermediate expansion joints in decks, therefore, 
is not simply to guard against the effect of temperature changes longitudinally, 
but to eliminate the stresses induced in the deck by the distortion of the arch 
ring or rib due to changes in temperature in that member. By allowing for 
free movement in the deck construction for this condition, it is not necessary 
to design for distortions due to this cause, but to select the proper position 
for the location of the joints. 

There is further danger in the absence of intermediate expansion joints in. 
long span arches, and it lies in the fact that, particularly in railroad bridges, . 
EE EE LE EL. MM TM A eT 


Norg.—The paper by Wilbur M. Wilson, M. Am. Soc. C. B., was pre 
Joint Meeting of the Structural Division, Am. Soc. C. E., and the Applied? echaniae | 
Division, Am. Soc. M. B., Chicago, Ill., June 29, 1933, and was published in April, 1934, , 
meee oe Discussion on this paper has appeared in Proceedings, as follows: August, , 

L, . 


4, by C. B. McCullough, M. Am. Soc. C. E.; 
Mann, Jr., Esq. 8 Cc and September, 1934, by Carroll 


48 Concrete Engr., D. L. & W. R. R., Hoboken, N. J. 
196 Received by the Secretary October 25, 1934. 7 
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=: there is superimposed over the open-spandrel construction a heavy parapet as 

a guard against possible derailment, which then becomes a continuous girder 

“spanning from pier to pier and subject to the foregoing distortions. 

_ The writer wishes to cite an interesting experience in this connection: 
Between 1908 and 1911, the Delaware, Lackawanna, and Western Railroad 
Company constructed a cut-off line between Hopatcong, N. J., and Slateford, 

: Pa., in the course of which two concrete arch viaducts were constructed—one 
over Paulins Kill, at Hainesburg, N, J., and the other over the Delaware River, 
at Portland, Pa. Both these viaducts were built without expansion joints, 
except at the piers, the floor systems being of arch construction so that the 

sections at the junction with the spandrels are quite heavy. 

: In 1912, preliminary to the design of the proposed structures on the second 

cut-off line between Clarks Summit and Hallstead, Pa., an examination was 
made of the parapets of the aforementioned two viaducts to determine whether 

| intermediate expansion joints should be provided in the new structures. 

These older structures had been in operation a sufficient length of time to 
have been subjected to several cycles of temperature changes at that time. 

The examination disclosed vertical cracks in the parapets, particularly in 
those of the Delaware River Viaduct, possibly due to the fact that the arches 

had considerably less rise in proportion to span. Although the cracks were 

“not serious, they indicated the effects of the omission of intermediate expan- 

sion joints, and it was decided to provide them in the then proposed struc- 

“tures—the Martin’s Creek and Tunkhannock Viaducts. These two viaducts 

have been in operation for more than twenty years, and the expansion 
joints have functioned so as to eliminate this difficulty. 

Another interesting phenomenon was observed in connection with the 
effect of temperature stresses on arch bridges with solid spandrel walls retain- 
ing the fill. These arches were of smaller spans, 20 to 45 ft, some of which 
were constructed early in the progress of the first cut-off line. Before any 
_ live load was placed on these arch bridges, the spandrel walls were found to 
have vertical or nearly vertical cracks at each haunch which, it was decided, 
_ were due to the distortion of the arch ring resulting from temperature changes, 
‘the high section over the haunch being subjected to greater deformation due 
‘to its height. The effect being similar to shear cracks in a beam, it was 
decided to place shear reinforcement in the spandrel walls in subsequent struc- 
‘tures with the result that these cracks have not appeared. Strangely, this 
difficulty was not experienced with the flat over-head highway arches—prob- 
ably due to the fact that the height at the haunch is much smaller and the 
section of the arch ring much lighter. This fact is borne out by the author’s 
“eonclusion in connection with the relative effects on high and low spandrel 
construction. 

Another point to which the writer would call attention is in connection 
with Professor Wilson’s preliminary statement (see “Description of Specimens 
and Apparatus: Specimens”) that “the weight of the specimen was not great 
enough to produce a dead-load stress commensurate with dead-load stresses 


encountered in the design of a full-sized bridge.” 
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This is significant and emphasizes the care necessary in drawing con-. 
clusions from model test results and applying them to full-sized structures. 
The problem is intricate when the material in both model and prototype is 
identical; it is more so when the models are of a material having elastic prop- 
erties entirely different from those of the structure; and it is particularly 
serious when the structure is an arch and temperature effects are to be con- 
sidered. In this type of structure, the thrust and moment due to temperature 
change are proportional to the cube of the depth of arch section and inversely 
as the square of a function of the rise so that no direct. relationship exists 
between a reduced scale structure and one of full size. 

Attention is called to the summary of conclusions, showing an appreciable 
increase in stress in multiple-arch spans on slender piers over that in arches 
of single spans with fixed abutments. This should be a warning in 
the design of multiple-span arch structures of the so-called “rigid frame” 
type when computing dead load stresses in its members. 

It is needless to state that the author has contributed exceedingly valuable 
information in a field where it is most urgently needed, and his painstaking 
attention to all the considerations involved cannot be praised too highly. It is 
to be hoped that similar tests on skew arches will be undertaken to provide 
the necessary information for such structures. 
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THE RESERVOIR AS A FLOOD-CONTROL 
STRUCTURE 


Discussion 


By Messrs. F. KNAPP, AND CHARLES S. BENNETT 


F. Knapp,’ Esa. (by letter).’*—In: most practical cases the requirements of 
design for flood-control and water-power projects, or for modern open-river 
“navigation, are of a conflicting nature. A water power plant is required to 
furnish firm power and dependable output and, therefore, should have a reservoir 
‘level as high as possible at all times. The level of the flood-control reser- 
* voir, on the other hand, should be kept as low as possible to maintain sufficient 
storage space to accommodate great floods. In the case of river navigation a 
certain minimum river stage must be maintained throughout the year. Com- 
pining these requirements results in heads for the power plant that vary 
between wide limits, with resulting inefficiency; at times of reservoir draw- 
down neither firm power nor dependable output can be guaranteed. 

— QOne possibility is to combine the functions of flood control and water 
“power by operating the flood-control reservoir independently of the power 
- plant. by means of daily pumped storage. A certain firm head is developed 
by means of a maximum draw-down limit, in order to reduce the variations of 
head for the pumps, and the turbines, as much as possible. The power for 
3 the pumps is generated at night, by steam, thus increasing the load factor and 
“hence decreasing the cost of the generated energy from these plants. De- 
pendable firm power and output is being supplied by the pumped storage plant 
- during only a few daylight hours. The pumped storage plant is thus operat- 
ing as a peak load and stand-by plant. The combined effect of peak-load and 
- base-load plants, working in parallel, is to supply the energy at more favorable 
-eonditions than could be obtained by steam plants alone. 

This solution, of course, is only possible when the flood-control reservoir is 
- developed in connection, and in combination with, a large interconnected 


Norn.—The paper by George R. Clemens, Assoc. M. Am. Soc. C. E., was published 
in May, 1934, Proceedings. Discussion on this paper has appeared in Proceedings, a8 


follows: November, 1934, by C. Stanley Maxwell, Jun. Am. Soe. C. B 


9 Asst. Hydr. Hngr., The Sdo Paulo Tramway, Light & Power Co., Ltd., Sio Paulo, 


Brazil, 
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power system. A typical example of such a solution of outstanding im- 
portance is the Saale Reservoir, in Germany.” This development is of special 
interest in so far as it serves an additional purpose; namely, a provision for 
increasing the low-water levels of the River Elbe for modern open-river navi- 
gation. Such combined use of a single, or several, reservoirs requires a com- 
bination of the interests of the three functions involved. In the case of the 
Saale Reservoir the governmental authorities utilize the useful storage 
throughout the year for navigation purposes. At certain times (generally 
well known in advance) water is stored to equalize flood waves. An extensive 
service for reporting river levels and weather conditions serves to predict the 
behavior of the reservoir and to accumulate experience during the first years. 
The operation of the reservoir by the Power Company in combination with 
the demands of the governmental authorities serves to simplify and to com- 
bine the conflicting interests. 


Cuarues S. Bennett? M. Am. Soc. OC. E. (by letter).“"—No apologies 
should be necessary, in connection with this paper, for the elementary 
cataloging of the steps to be followed; this outline procedure will no doubt 
have wide usage because of its clear and methodical presentation. The paper 
constitutes the most complete and practical outline of the method of develop- 
ing astudy of reservoir control of floods which has come to the writer’s 
attention. 

The outline of preliminary investigations for a typical stream brings to 
mind the difficulties encountered. in attempting to obtain definite maximum 
run-off data for such studies. The existing records of rainfall and run-off 
for most areas are usually fragmentary, even in recent years. The current 
interest in studies relating to the control and distribution of run-off should 
emphasize the value of securing continuous and related rainfall and run-off 
data wherever possible. It séems to the writer that it might be possible for 
the existing Federal agencies. to co-operate to the extent of arranging” 
for more gauging stations at points on the various streams at. which the records’ 
would tie in with a group of rainfall stations on the drainage area above. 
It would also be useful if the records would indicate the maximum. flood 
flows at these stations, as well. as mean daily flows. 

It might be implied from the author’s statement under the Raatnsl 
“Retarding Basin Operation”, that the works of the Miami Conservancy Dis- 
trict utilize improved channels below the retarding dams for the entire river 
distance below--the dams. The river channels were improved only through 
- the cities below the dams, as the flood-control plan was designed to furnish 
complete protection to the cities only. Through the reaches of river inter-— 


M4 


vening between these cities, no improvements were made, as the cost of such 


work would exceed the benefits to rural property. The benefits received by — 
the lands below the dams, but not within the cities, are only the ae 


of flood peaks due to the effect of the dams. 
$$ ssseSsssssSsSSsSsssSSssssssssssese 
aube" “Die Saaletalsperre,” von H, Kyser, Elektrotechnische Zeitschrift, Nos. 28 and 29, 
4 Engr., The Miami Conservancy Dist., Dayton, Ohio. ‘ 
‘He Reeeived by the Secretary November 12, 1934. } 
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- The retarding reservoir method of flood control is especially applicable to 
v small streams for the local protection of lands in such areas, and such a 
system might have limited benefits to larger streams, such as the Ohio River 
or the Mississippi River, to which the controlled streams are tributary. 
Es An advantage of the retarding-basin method of operation, from the 
economic standpoint, may be the fact that, in some cases, the agricultural 
lands within the basins need not be completely withdrawn from use, as is 
“necessary in the case of storage basins. In the Miami Conservancy it has 
“been possible to re-arrange the farm units in the basins and to relocate 
| - buildings on the higher sections of the new units, thus permitting continued 
e _agricultural use of the greater part of these areas. The lands originally 
| _ purchased can be returned to private ownership, subject to the necessary 
flooding easements and restrictions. Of the 30 000 acres which were purchased 
by the Miami Conservancy District, approximately 20000 acres have already 
| been resold. 
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EXPERIMENTS .WITH CONCRETE IN TORSION - 


Discussion 


By A. W. FISCHER, Esq. 


A. W. Fiscurr,” Esq. (by letter).“*—The observed results obtained by the 
author are valuable when the member is subjected to pure torsional moment 
and the section is a square section. However, since practically all reinforced 
concrete members are not only subjected to torsion, but, at the same time, 
receive stresses due to bending moments, and since practically all of them are 
rectangular in section, the experiments in pure torsion on square sections do 
not help the designer for actual conditions that occur in most structural mem- 
bers. For that reason tests should be conducted to ascertain the combined 
torsional and diagonal shear on rectangular sections. 

The author cites longitudinal balcony girders that support cantilever beams 
and exterior floor-beams. These two types certainly receive shear due to 
torsion and diagonal shear due to bending moments caused from vertical loads 
—and the depths of these members are generally from one and one-half to 
four times their width. N 

The writer does not recommend the use of inverted beams (that is, beams 
placed above the slab), but in some cases due to lighting conditions it is 
advisable to use them for the support of the outer edges of exterior slabs. - 

In such cases the top horizontal bars are quite essential; similar bars can 
be placed in balcony girders especially if the latter are designed as T-girders. 
f The vertical tie stirrups must be placed as close to the outer and inner faces’ 

as permissible, and the wider the beams the more effective the stirrups will be. 

n If the stirrups are placed at 45° with the vertical they will be more 
4 effective, but for practical purposes it is better to place them vertically and 
use fairly small bars, closely spaced. Spirals will be more effective but from 

» a practical standpoint they will not serve as well for the bottom tension steel 

and the top compression steel; nor can a spiral be flattened to suit a rec- 
tangular beam very easily, and, for that reason, vertical stirrups made in the — 
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Nors.—The mee by Paul Andersen, Assoc. M. Am. Soc. C. E., was published in 
May, 1934, Proceedings. Discussion on this paper has appeared in Proceedings, as 
follows: August, 1934, by EB. Mirabelli, Assoc. M. Am. Soc. C: E.; and October, 1934. hr 
Messrs. Frank M. Russell, and Leslie Turner. rd 
15 Care, Pennsylvania Sugar Co., Philadelphia, Pa. . 
a Received by the Secretary September 28, 1934. 
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orm of a tie with ends having at least a hook of eight bar diameters will 
q ake care of the torsional and vertical shear in the most practical manner. | 

2 Although stirrups do not act until the beam begins to fail, if they are then 
_ brought into action so as to keep the beam from failing, they serve their 
purpose. A beam should be designed for the vertical and torsional shear, 
= ‘and the required number of vertical tie stirrups should be specified to take 
es care of the combined shear. 

Ea It might be well for the author to demonstrate by an exaiiple: how he 
he 

~ would design a reinforced, rectangular, concrete beam under torsion and 
‘bending moment. In this way some satisfactory method will result which 


‘some day can be verified by further experimental data. 
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WAVE PRESSURES ON SEA-WALLS AND 
BREAKWATERS 


Discussion 


By CHARLES T. LEEDS, M. AM. Soc. C. E. 


OCuartes T. Leeps,“* M. Am. Soo. CO. E. (by letter).“*—In bringing into 
small compass, and placing in usable form, a considerable part of the material 
on wave pressures available in many different sources, the author has per- 
formed a valuable service. As stated by Mr. Molitor, a valuable amount of 
observational data were collected by Lt.-Col. Gaillard who also contributed a 
most valuable discussion of the many phases of this problem, such as to 
render his book’ one of the most important available references on this subject. 
Mr. Molitor has done a service in condensing and simplyfying the great mass 
of material there available, and he has also added valuable data from his own 
experience. His brief statement of certain of the formulas compiled or 
deduced by Colonel Gaillard, and his demonstration of their application to 
specific examples should be of assistance to those not thoroughly familiar with 
this branch of engineering. : 

The mathematical statements would be more satisfying if the supporting 
reasons were more clearly stated. For instance, the formulas for wave height 
in terms of fetch, as deduced by Thomas Stephenson, are: 


For D > 380 miles: 


Pie YD ee 


and for D < 30 miles: 
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In the paper, these formulas are changed (see Equations (1) and (2)), and the — 
author states that these changes were made “after introducing wind velocity — 
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Notg.—The paper by David A. Molitor, M. Am. Soc. C. E., was blished in 
May, 1934, Proceedings.” Discussion on this pa h i vleter= - 
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38e Received by the Secretary November 3, 1934. . 
+ 


2“Wave Action in Relation to Engineering Structures,” by Capt. 
of Bngrs., U. S. A., Professional Papers No. 81, U. S. Corps of Bape ry ae Soe 


a 


_ ~Dec., 1984, LEEDS ON WAVE PRESSURES ON SEA-WALLS AND BREAKWATERS 1505 
as a variable and using statute miles instead of nautical miles”; but he gives 
ia no supporting reasons or observations either for the assumed relation between 
- wind velocity and wave height or for changing the 30-mile fetch used by 
Stephenson to 20 miles. It is evident that Equations (1) and (2) will give 
_ smaller theoretical wave heights than the Stephenson formulas (Equations 
_ (20) and. (21)), in the case of any wind velocity less than 78 miles per hr. 
4 The statement that “these formulas apply only to inland lakes” is not 
; consistent with the fact that Stephenson’s formulas were shown to be correct 
_ when he analyzed waves breaking on the shore of the North Sea in Scotland, 
_ of which the fetch varied from 1 mile to 165 miles. : 
Under the heading, “Wave Height, Wind Velocity, and Fetch,” the author 
states: “Ocean storms are generally more or less local, and do not cover more 
_ than 50 to 100 miles.” Then he states “the fetch is restricted to the storm 
~ aréa, which may be anything from a few miles to, say, 900 miles.” These two 
statements appear somewhat contradictory. 

When one considers the numerous physical factors of uncertain variability — 
_ which may affect the dimensions of waves, it seems questionable whether any 
- formula can be constructed by which their heights can be computed reliably. 
In describing certain of his observations at Port Elizabeth, South Africa, Mr. 
William Shield states“ that the greatest wind velocities recorded during the 
- three gales observed were, respectively, 60, 68, and 58 miles per. hr. On | 
- the other hand, the greatest height attained by the waves on the three 
x, occasions were, respectively, 21 ft, 13 ft, and 10 ft: the fetch, depth of water, 
"ete. were practically the same in all cases. ; : 
This apparent anomaly, he attributes to a difference in the range of the 
respective gales or a variation in the direction of their course (possibly far 
- from land); or to a combination of both causes. Hence, Mr. Shield deduced, 
that even in gales of considerable duration, a given fetch, wind velocity, and 
_ depth of water will not always produce waves of uniform height because such 
height depends greatly on the varying conditions of the gales producing the- 
waves, both as regards their extent and duration in one direction. Sh 

It sometimes happens that the line of longest fetch is not the direction 
from which. the most severe winds blow. Furthermore, the veering of the 
wind into a direction from which the fetch is small may sometimes produce 
a wheeling around of the waves, such as to create heights greatly in excess of 
those to be anticipated from the formula. 

Indeed, waves of destructive proportions are not always due to high winds 
occurring in the vicinity. In several instances within recent years, heavy 
~ ground swells have occurred along the Southern California coast with a 
moderate amount of resultant damage. There was little or no local wind at 
the time, and the only explanation seems to be the occurrence of distant 
storms in some part of the Pacific Ocean from which no report was obtainable. 
The author truly states that the only reliable data relative to the height ot 
direct observations for any given locality. 


ocean waves must be collected by 
’ by William Shield, p. 38. 
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This should be strongly emphasized and as there usually are few scientific 
observations available, the reliability of the observers must be carefully 
weighed. ; 

Careful consideration must also be given to the under-water contours in 
the vicinity, and to the seaward or lakeward of the work proposed, as these 
contours may have a marked effect, both on the height and on the strength 
of the oncoming waves. The original design for the rubble-mound break- 
water at San Luis Obispo, Calif., called for the construction of a part of its 
length along the crest of a submerged reef. Before its completion severe 
storms hammered down and drove bayward a considerable quantity of rock 
from the part of the breakwater that had then been constructed along the 
reef. When work was resumed, the following spring, the damaged part and 
the unfinished remainder of the breakwater were re-located a short distance 
back from the crest of the reef. It was found, as expected, that the wave 
impact on the breakwater was thereby greatly reduced. 

In referring to his Equation (12) for the maximum value of the hydro- 
dynamic pressure, Mr. Molitor states that “k is an empiric coefficient evalu- 
ated from Colonel Gaillard’s observations for the Great Lakes as 1.30 to 1.71 
* * *, For ocean storm waves k may be taken as 1.8.” Referring to his 
observations at St. Augustine, Fla., Colonel Gaillard states” that only in one 
case out of 107 observations did & reach its maximum possible theoretical 
limit of 2.0; whereas, in three cases, it equalled or exceeded 1.8. Conse- 
quently, he declared that & may have a possible value as great as 2.0. 

The statement in the paper that “all factors contributing to the solution of 
the problem herein considered [the design of sea-walls and breakwaters] are 
only approximately knowable,” might well be further emphasized. There is 
too great a tendency on the part of laymen and even of inexperienced engi- 
neers to expect wave-resistant structures to be designed with the exactness 
and economy of land structures, such as buildings and bridges in which the 
forces to be resisted can be determined with a high degree of accuracy. 
Moreover, there are forces and contingencies which only experience can foresee 
and which are likely to be overlooked by even the best theorists. % 

An example of this fact occurred some years ago when certain plans for a 
concrete caisson breakwater were being reviewed by the writer. As drawn, 
they were pledsing in appearance and apparently showed a high degree off 
economy. After careful analysis, however, it was necessary to recommend — 
the rejection of these plans, because the assumption as to the force of the 
waves was inadequate and because other assumptions showed a lack of prac- 
tical experience on the part of the designer. Based on textbook formulas 
only, the design was adequate, but subsequent occurrences have demonstrated _ 
that if the breakwater had been built as designed, it would have failed. .| 

In another instance, concrete caissons for a breakwater were actually . 
constructed, and the first of them was floated into approximate position near. 
its final location and then grounded temporarily on the bottom. As far as the | 
writer knows, the caisson was well constructed, but inadequate attention home 
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been given to the design of the breakwater foundations and to the method of 
placing. While the caisson was temporarily grounded on the sandy bottom, 
- the ocean surge produced a jetting action under the caisson, washing out so 
much sand under one end that the caisson settled, became “hog-backed,” and, 
- under the pounding of the waves, was soon a total wreck. The same action 
would have taken place if the caisson had been set in its final project location. 
Inadequate attention had been given to the problem of foundations and the 
method of placing the caissons. 
: These instances constitute no criticism of the use of concrete caissons in 
breakwater construction.. Too many breakwaters of this type have been 
successfully built and maintained ‘to gainsay ‘their serviceability and prac- 
ticability. Their chief usefulness, like rock-filled cribs, is where rock of suit- 
able character and size is not available or is too expensive. Where durable 
rock can be obtained in large pieces and at a reasonable price, a rubble-mound 
breakwater has the distinct advantage of simplicity of design and ease of 
‘repair. 

It is simple enough to design a safe structure, if no regard is given to 
cost. To attain an economic engineering solution, one with an adequate but 
‘not excessive factor of safety, is not so simple. The lay mind (and many 
engineering minds) would dictate a structure such that no storm damage 
could ever occur. One may well question the economy of such procedure, 
however. Therein lies the advantage of a breakwater or sea-wall design 
such that it will resist the stress of usual storms, but which is susceptible 
of sustaining slight damage in an abornmal storm without complete destruc- 


- 4ion. When reduced to an annual basis the cost of such infrequent repairs 


Gs likely to be much less than the interest on the capital investment in a 
heavier breakwater, adequate to resist all storms. 

The theoretical value for the wave pressure produced by a wave striking 
a breakwater obliquely is given in Equation (19). The actual pressure is 
likely to exceed this value, as the friction of the wave against the breakwater 
tends to drag back that flank of the wave front, causing a pressure more 
nearly normal to the breakwater face than the general line of wave front 
would indicate, and also producing the heaping up of the wave so familiar to 
engineers who have observed such occurrences. 

The paper is devoted chiefly to vertical-faced breakwaters, although some 
consideration is given to the form of superstructure. A vertical face naturally 
will involve the maximum wave stress on the structure. The author points 
out that it is always preferable to render the wave pressure on the structure 
less severe by adopting a superstructure design that does not obstruct the 
wave in its entirety on a vertical surface. The same reasoning holds true, 
where feasible, of the entire breakwater cross-section, as thereby the horizontal 
component of the wave force will be reduced and, also, the component normal 
to the surface will then have less overturning or sliding effect. 

This result may be accomplished, as stated, by a sloping surface, but in a 
conerete structure a curved profile that turns the wave back upon itself 
may be preferable. Still better is a step-faced type which may be said to 


‘ 
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resist the wave shock “on the installment plan.” There are numerous 
examples of the successful use of this principle in the construction of sea 
walls. 

Where rock is not too expensive to prevent its use in a rubble mound, this 
is ordinarily the preferable type, not’ merely from the standpoint of economy, 
and because of ease of repair, but particularly from thestandpoint of safety. 
In this case, the waves are broken and dispersed and ‘the wave force is dis- 
sipated in a multitude of directions. If, perchance, an unusually severe. 
storm beats down a part of such a breakwater, it makes a broader and more 
stable foundation, on which the rebuilt structure will be‘safer than before. 


The author does well to call attention to the hydrostatic pressure which | 


wave impact produces inside a breakwater structure and which is transmitted 
to all parts of it. This pressure, and confined air pressure, account for many 
of the apparently paradoxical effects produced by stornis. 

- The three points most commonly lost sight of by the novice are: (1) Loss 
of weight by submergence; (2) transmission of hydraulic pressure equally in 
all directions; and (8) difference in pressure, dependent on whether or not 
the wave is breaking. 

Additional emphasis and discussion might well have been devoted to the 
effect of the part of a wave that is not stopped by a breakwater. Not only 
should consideration be given to the question of whether or not ships are to 
be moored close to the harbor side of the breakwater, but the stability of the 
of the breakwater structure itself is vitally involved. It is not sufficient that 
“the wall structure must be capable of resisting this static equivalent [of the 
energy of the part of the wave stopped by the wall] without exceeding certain 
requirements of structural stability and safety.” Many. of the recorded 
breakwater failures have been caused primarily by the part of the wave that 
overtops the structure. The falling water may produce such.an impact on 
parts of the superstructure as to shatter it, or.the substructure or foundation 


on the lee side may be so weakened as to result in overturning. : 
In conclusion, the writer wishes to commend Mr: Molitor for the service — 


he has done the profession by this contribution to the clarification and sim- 
plification of an involved subject. 
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By Messrs. E. S. LINDLEY, AND KENNETH L. DEBLOIS 


E. S. Linpuey,? M. Am. Soc. C..E. (by letter).**—In connection with this 

_ paper it may be of interest to call attention to another nomographic solution 
of Rankine’s. formulas‘ which seems to be simpler than that presented by 

- Professor Pippard. To allow for surcharge, the wall is calculated for an in- 

creased height. The factor by which the height is to be multiplied is a func- 

tion of the angle of surcharge, and is given in plain scales. 

For a wall with a vertical face and back, a single isopleth gives the solution. 
The fixed points for this isopleth are, on one scale, the angle of repose, and on 


another, the ratio of density of masonry to that of soil. The solution is to 


determine the ratio of thickness to height. There is no need to find cosines 
- from tables, as in Professor Pippard’s method, and the ratios to be computed 
are simpler. 

For a wall with a vertical face and battered back the solution is in three 
steps; in addition to the two given factors stated in the preceding paragraph, 
there is the ratio of top thickness to height. The solution is to determine the 
ratio of bottom thickness to height. 


Kennetu L. DeBuois,’ Assoc. M. Am. Soc. C. E. (by letter).°*—The direct 
solution of gravity retaining walls algebraically and by nomographic charts, as 
presented by the author, will help to eliminate the “cut-and-try” method. 
Most retaining wall stems are designed as reinforced concrete cantilever 
beams. Except in high walls the vertical component of the earth pressure 
and the weight of the stem are neglected as affecting the bending stresses but 

Notp.—The paper by A. J. Sutton Pippard, M. Am. Soc Cc. E., was published in 


August, 1934, Proceedings. ‘This discussion is printed in Proceedings in order that the 
views expressed may be prought before all members for further discussion. 


3 Wotton-under-Edge, Gloucestershire, England. 
3a Received by the Secretary, September 8, 1934. 
4“Panjab Irrigation Nomograms, by EB. S. Lindley, 


Irrig. Branch, Public Works Dept., anjab, India. 
s Asst, Bridge Constr. Engr., San Francisco-Oakland Bay Bridge, Oakland, Calif. 


56 Received by the Secretary October 27, 1934. 
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little. Many cases, however, require a 
gravity section for which the author’s 
formulas and charts will apply. Railroad 
companies frequently use the gravity 
type as being: more’suited to supporting 
fills subject to heavy locomotive loads 
and impacts. 

The equations in this paper ‘can be — 
extended to cover the case of a wall 
subject to railroad or highway live load 
surcharge as shown in Fig. 10. In 

“addition to the notation of the paper, 
let H’ = the equivalent surcharge due 
to live load. Then, 


B* (3 e — 1) + Bb (3e — 1) — B? 
=e Hi-(H i+ 3) (16) — 
which corresponds to Equation (10). When e = 3: 


2B=—b+'N. 5° +46 H(H +34) ..esseee.. (17) 


which corresponds to Equation (11). 

Formulas can be written for a similar direct solution when the back of the © 
wall is battered. For this case, however, the writer is of the opinion that it is 
easier to solve each individual problem, using the numerical values. 


aed 
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ANALYSIS OF CONTINUOUS STRUCTURES BY, 
TRAVERSING THE ELASTIC CURVES 


Discussion 


By Messrs. GARRETT B. DRUMMOND, AUSTIN H. REEVES, 
E. G. PAULET, ADOLPHUS MITCHELL, AND DAvID M. 
WILSON 


Garrett B. DrumMonp,’ Ese. (by letter)."*—The paper by Mr. Stewart is 
timely if for no other reason than that it emphasizes again what is the funda- 


- mental theory of indeterminate structures—the fact of continuity. 


It is important to consider the limitation of the method as presented. The 
theory of continuity is based upon certain accepted assumptions: (1) It is 
assumed that the neutral axes of all members at a joint meet in a point; (2) 
distortions due to shear and direct thrust are negligible; (3) the relative rota- 
tion of the two ends of a member, for short lengths of the axis, is proportional 


to + for the respective sections; and (4) the intensity and duration of the 


loading do not affect the elastic properties of the materials, thus permitting 
the assumption that for short lengths of beams the differential rotation of the 
two ends is directly proportional to the bending moment in the length 
considered. 

These assumptions cause this method of analysis to be applicable in the 
strictest sense only to those materials which follow Hooke’s law, and for steel 
only within the elastic limit. In structures of reinforced concrete or timber, 
Assumption (4) is not applicable since the ratio of stress intensity to deforma- 
tion varies with both the intensity and the duration of stress. Assumption (3) 
does not apply to reinforced concrete. 

However, it is probable that the assumption of a constant value of J in 
reinforced concrete beams will result in errors not exceeding 5 per cent. Such 
an error will not seriously affect the analysis of a reinforced concrete beam, 
although such limitations should be recognized. 

For the determination of slopes and deflections, the writer finds it more 
convenient to utilize the method of stress areas.’ In this method, which 


Norr.—The paper. by Ralph W. Stewart, M. Am. Soc. C. B., was published in 
October, 1934, Proceedings. This discussion is published in Proceedings in order that the 
views expressed may be brought before all members for further discussion. 

TAsst. Prof. of Math., Oklahoma Agri. and Mech. Coll, Stillwater, Okla. 


Ta Received by the Secretary October 30, 1934. 
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obviates assumption of the fore formula, the load is the area under the curve 
of fiber stress in the outer fibers, divided by FE c, assuming F c to be constant. 
The angular change of the tangents at any two points on the elastic curve 


2 


is equal to the area between the two corresponding sections on the —— ; Siegram, 


H 


‘ 


The deflection at any point is equal to moment about that ag ’ oiaee ' 


ing the beam to be loaded with the Z. diagram. 
c 


The method of stress areas is convenient when the fiber stress is known, 


.and the slope and deflection are desired; or when the slope or deflection are 
known and the fiber stress is desired. 


ho: Fig.” 8. 


Fig. 8 represents a simply supported beam of constant cross-section, with 
a aeons load at the center. The resulting curve of fiber stress will be 


aot 
as shown. The slope at the supports becomes? (Zt), a the same as the end 
f 


shear with LG as a load. The deflection at the center is equal to the moment 
c 


‘of this Hee at the center, or (2) (Z ir). 
: - 12/ \Ec 


Austin H. Reeves,’ Assoc. M. Am. Soc. C. E. (by letter).°“*—A particularly 
valuable feature of the method described in this paper is that it provides a 
complete picture of the action of any loaded structure, no matter how com- 

‘plicated. However, some. of the problems can be solved more speedily by 
‘other methods; For example, the writer solved the problem shown in Fig. 3 
‘within 2 min, and the one spies in Fig. 4 within 5 min, by the conjugate 
point method.’ 

A check by.’ the focibod ee by Hardy Cross, M. Am. eae C. E., 
was made on both problems shown in.Fig. 6 and also on the one shown in 

Fig. 7, and the results given by the author were found to be exact. The 
writer is in agreement with the “Conclusions.” 

This paper is a noteworthy pontakntion to the aoniaiie of rigid frame 
design. 


i) eSNG eT ie _ i e 


8 Newark, N. J. 

8a Received by the Secretary October 22, 1934. 

* Transactions, Am. Soc. C. H., Vol. 90 (June, 1927), p. 1. 
10 Loc. cit., Vol. 96 (1932), p. 1. 
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1 
soi sen my, Bey te) emt he 
ee aus a is presented in this paper, which 
verse method.” In the “Synopsis”, the author states that 
memorized or copied. slope-deflection equations are not used, and a series 
of rules for the signs of moments, rotations, and deflections is unneces- 
sary.”: Notwithstanding that the three basic principles stated by the author 
would have to be remembered by any one unfamiliar. with the moment-area — 
method, the first principle, being one of the moment-area method, is sufficient 
to derive the fundamental slope-deflections equations at any time. Further- 
more, the moment-area method furnishes the end moments of fully restrained 
beams subject to any type of loading, should one not have these values 
immediately available for use in conjunction= with the slope-deflection 
equations. iy a 
When the slope-deflection method first came to the attention of the writer 
(whose mind, to that time, had been rigidly imbued with the “work methods” 
expounded by Europeans), he experienced some confusion at first, due to the 
signs of moments, rotations, and deflections. The solution of a few simple 
examples of frames ended the confusion and, to this day, the writer considers 
the slope-deflection method as the most forceful, next to the “work methods”, 
for the rigorous analysis of rigid frames. 
The author further states, following Equation (7): 


“As shown by Equation (6) the-signs of 'the corner moments are opposite 
the signs of the center moment and column base moments, é 

“The joint rotations do not enter into the solution, but the equations are” 
formed from the curvature units in the members.” 


Equation (6) furnishes no criterion for the signs of the moments, be- 
cause the signs of the A’s depend upon ‘the relative position of the bending 
moment diagrams, a position which can be chosen arbitrarily and erroneously. 
To visualize the elastic line of the deflected simple frame and write the A’s 
with their proper signs in the equation-types, Equations (6) and (8), may be 
am easy task for the experienced engineer; however, a complex frame may 
present an untrue picture to him and leave him with a feeling of false 
assurance as to the correctness of the results. , 

In this respect, the traverse method has not as direct an approach to a 
problem as the slope-deflection method, the equations of which will furnish 
the correct signs and values of moments, rotations, and. deflections, the signs 
being in accord with those adopted for deriving the equations. 

-The first and second principles of the traverse method will be helpful in 
finding the deflection of one end of a member, or series of members, relative 
to the other end, after the frame has been solved by the moment-distribution 
method. 7. ; 

Fig. 5 shows the application of the author’s method to a beam of variable 
moment of inertia, and with a settled support. In the writer’s opinion, 
problems of this kind are more directly solved by the moment-area method. 


u Bridge Designing Engr., State Highway Dept., Montgomery, Ala. 
ua Received by the Secretary November 10, 1934. 
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Assuming that the correct arrangement of bending moment diagrams for a 


loaded continuous beam of uniform moment of inertia is established, the 


traverse method lends itself to a simple and rapid solution of such a problem. 
In Fig. 6(c), the closing line of the “pennant” diagrams (Lines 2-1-4-8, 

8-4-15-30, etc.) of the unloaded spans intersects the base line at a point of 

zero moment, through which (after the moments over the supports of the - 


loaded span have been computed by the traverse method and platted to any — 


convenient scale), the closing line of the bending moment diagrams for the 
unloaded spans may be drawn directly, and the moment at any point read to 
that scale. 

From Fig. 6(c), it is noted with interest that the series for the relative 
moments and end slopes may also be found, beginning from the left end of 
the continuous beam, with the relations: 


Mn Pen? 1) + Sata ah bie im ope feb eb pose We yeho oe pEprenies cecal: (15) : 
and, 

Sn = 3 Mn-s + 2 Sita. wee eee ee ete eee Amt, (16) ° 
in which, M, = relative moments at the support under consideration, 


S, = relative end slopes at that support; Mn. and Sn. = relative moments © 


and end slopes, respectively, at the support preceding the one under con- 


sideration, and, at the first support, M, = 0, and 8, = 1. For the case 


shown in Fig, 6(d), M reads 8, and § reads M, in Equations (15) and (16). 


ing 


ApotpHus Mircuet.,” Jun. Am. Soc. OC. E. (by letter).2*—The method of - 


analyzing continuous structures described in this paper, appears to hold no 


advantage over the slope-deflection method. On applying the two methods — 


to multiple-story frames, one finds that whereas the slope-deflection method 


yields a simultaneous equation for each joint, the traverse method yields a. 


simultaneous equation for each joint and member. The result is that an al-— 


ready large number of equations is doubled. Even in the simple problems 


solved by the author, the writer finds the slope-deflection method the easier. 
Most designers are in the habit of assuming that the available foundation 
either offers no restraint or that it offers full restraint (fixed). As it is 


usually known that neither of these extremes is the case, the designer might : 


Sweety 


wish to make some intermediate assumption. This can be done by comparing ; 


the geometry of the traverse for hinged and fixed conditions at End A of — 7 


any member, AB. If f,, is the percentage of fixation at End A: 


Asa ys Aas eeceee SAN S..0e. Tala OD 


econ ¢ a sor Race ante ee i 


6 


Senior Draftsman, Bridge Dept., State High ; 
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and, 


' -For a hinged terminal at A, f = 0, and for a fixed terminal at A, f = 1. 
The author has solved the problem illustrated by Fig. 3, assuming the 
column terminals to be fixed. Suppose the column terminals are 50% fixed 
and that it is desired to determine the corner moment. Applying Equa- 
tions (17), (18), and (19), A, = 4 Ar and 0m = 7u As = Ou. Since M, must | 
be equal to M;, A. = As. Equating ordinates at the right end of Beam 34: 


7 2 PE [1 
rN, JE (ESS oy Oates: Sag Gere 
pee Ll (27) aa BiB 
Solving for A2, 
. yi BRE M, (1 
ged 8 Rien xi Man forts 
76EI EI \2 


Mati EPI 


38 
This idea of fixation or restraint is the basis of the method introduced by 
T. F. Hickerson,“ M. Am. Soc. C. E., which the writer prefers to that pro- 
posed in this paper. In most of the papers on this subject complete tables 
are given permitting application to members of variable moment of inertia 
with relative ease. The author presents no such tables and, thereby, his 
method suffers another handicap. 


Davip M. Wirson,* Assoc. M. Am. Soo. OC. E. (by letter).“*—Methods of 
analyzing continuous structures which are fundamental to an understanding 
of this important subject may be divided into two classes: (1) The Maxwell- 
Mohr Method of Work; and, (2) Special Methods, such as (a) Moment-Area 
Method; (b) Slope-Deflection Method; and (c) Moment-Distribution Method 
(Cross Method). 

The Maxwell-Mohr method of work is based upon the principle of the 
conservation of energy. It is the most general method. available and may be 
used in all cases... 

The special methods in the foregoing classification apply only in the 
analysis of straight structural members in which bending is the cause of 
the primary deformations, those due to shear and direct stress being neglected. 
They may be developed from the method of work, or they may be derived 
independently. The special methods have extensive application in practice be- 
cause they are convenient to use. However, one should remember that, in 
many cases, deformations due to shear and direct stress cannot be neglected 
safely and, therefore, the results obtained by special methods will not be 
_ significant. 


ee ee ee, Vohalina (Preweti sea: 
13 “Structural Frameworks”, by T, F. Hickerson, Univ. of North Csrolina Press, 1934. 
44 Associate Prof. of Civ. Eng., Univ. of Southern California, Los Angeles, Calif. 
4se Received by the Secretary November 17, 1934. 
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The author has presented a method of analyzing the moments in the mem- 
bers of continuous frames which is based directly upon the principles of the 
moment-area method. It is of special interest because it pictures the ap- 
proximate deformations of the structure being studied. 

In general, every structural engineer has his own favorite schemes of 
analysis. The method proposed will undoubtedly be of value to the designer — 
who uses the moment-area method in preference io all other methods, where- 
ever it is applicable. 

The moment-distribution method is the most workable of the special 
methods because the solution of simultaneous equations is not required. 
Furthermore, the unknown moments are determined directly without first 
solving for rotation angles as required by the slope-deflection method, or for 
delta angles as required by the author’s method. 

In many cases, a combination of the special methods is desirable. For ex- 
-ample, the fixed-end moments used in moment distribution may be determined 
conveniently: by the application of the principles of area moments. At the © 
same time, a thorough knowledge of slope deflection is of great value in 
understanding the steps in moment distribution. 

In order to compare the proposed method with the moment-distribution 
method, the writer solved the problem shown in Fig. 7 by each method. Re- — 
ferring to Fig. 7(c), the following equations from the author’s method may 
be written since the vertical deflection of the beam at any support with 
reference to an adjacent support is zero: 


24 (A; ~% Ai) — 16A,+ 12 A,—8A,=0 i a | (20) 
and, : 


24 (ApS FIA) 116 AyA- 19 Apei8 Ayers0Nn cepa (21) 


ve 


Buttherthore. from Fig. (bs Aieil May As 18. IG Ae ee 


and, A, = 9 M.. Therefore, a = air and St _ gs . 
As 12- Ds: 4 
Eliminating A, from Equation (20) and A, from Equation (21); sub- 
stituting for A,,; As, and A, their respective values ; and solving the resulting ~ 


equations: A, = 1164000, and A; = 1112400. Therefore; M, = Ax 
12-9 
ariad! 000 ft-lb, and Mi. == 81 92'700) £t-Ih: 
ae 


It is to be noted that the unknowns determined by solution of the 
simultaneous equations are not the desired moments. In a problem involv- 
ing a large number of unknowns, the work necessary to solve the simultaneous _ 
equations would be ‘prohibitive. On’ the other hand, the: complete solution — 
of an identical problem by the moment-distribution method is a relatively 
simple process,” in which the necessary work is approximately proportional 
to the number of unknowns. 


4% Transactions, Am. ‘Soc. C. E., Vol. 96 (1932), p. 1. 
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There is no one simple method that can be applied in analyzing all con- 
tinuous structures. Furthermore, no analysis is ever absolutely exact. 
Certain assumptions, based upon the elastic theory of structures, must be 
made before a problem can be solved by any of the available methods. 
The validity of these assumptions must be considered carefully in interpret- 
ing the results of the analysis. This requires sound engineering judgment 
at all times. The problem, therefore, is definitely one for the trained engi- 
neer with a comprehensive understanding of the behavior of: structures 
under ‘stress. 


~ See: “bb “ a se ge | 
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Discussion 


By MEssRs. CARLTON T.: BISHOP, JAMES R. BOLE, ALBERT 
WERTHEIMER, KENNETH L. DEBLOIS, JONATHAN JONES, 
ARMIN ROZMAN, AND A. E. R. DE JONGE 


Cartton T. Bisnop,? M. Am. Soo. C. E. (by letter)**—The alignment 
charts proposed by Mr. Dubin satisfy a long-felt need, because they provide 
a simple and direct method of determining the required number of rivets 
in an eccentric connection without assumption. His formulas are based on 
the usual method of calculation, and his derivations are sound. 

The writer has checked the problems in his files by means of the charts 
with complete satisfaction. Problems with one or two rows of rivets seemed 
in perfect agreement, while the few tests made for three and four rows | 
were well within the 5% which the author mentions. In all cases, the results were — 
sufficiently accurate for practical use. Should greater accuracy be desired, 
larger charts may be constructed. The results obtained from the given charts i" 
are as accurate as is consistent with the assumption that the vertical com- — 

_ponents due to shear are distributed equally among the rivets, whereas the : 
vertical components due to moment are not. This assumption is consistent 

’ with the usual theory that a concentric load is distributed equally among a ; 
group of rivets, notwithstanding the fact that absurd results may be obtained 

when it is applied to extreme and impractical problems, 

The use of these charts will create a demand for additional similar charts, 
and individuals will doubtless make them to meet their own requirements. 
For example, a horizontal distance, w = 54, for two rows of rivets, and 
w, = 54 for the inner distance for four rows, would conform to the usual 
rivet spacing in columns and probably would meet with greater favor than 
the 3-in. distance. Similarly, it may be desirable to use a vertical distance 


other than 3 in.; it is often better to spread the rivets to 34 or 4 in. than to 
add more rivets. 


M 
é 
7 
i 
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a eee 
NotE.—The paper by Eugene A. Dubin, Esq., was published in August, 1934 
Proceedings, This discussion is printed in Proceedings in order tha ‘ i 
may be brought before all members for further Sk atles Se Vee ee 
7 Associate Prof., Structural Eng., Yale Univ., New Haven, Conn. 
2¢ Received by the Secretary August 28, 1934. 
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In this connection attention should be. called to similar charts by Odd 
Albert, Assoc. M. Am. Soc. OC. E.,? which may be used for different spacing, 
both horizontal and vertical. For rivets in a single row the latter chart may 
be used to determine the number of rivets directly, but the chart for two 
or more rows can be used only for an assumed number of rivets. Even 80, 
the correct number can be found more readily than by calculation. 


James R. Bore,t Jun. Am. Soc. O. E. (by letter)“*—An interesting and 
useful solution of the problem of determining stresses in riveted connections, 
subjected to eccentric loads, is presented in this paper. The writer does 
not believe, however, that alignment charts are best suited for a graphical 
solution to the cases of three and four rows of rivets. Fig. 5, for example, 


[™ — 
1°) 2 4 6 8 1Op 242) 44 2 16 LGN OMe? Un order ebgered 
Ratio of Load to Rivet Stress, A=> 


Fie. 5. 


gives a solution, by means of a family of curves, for a case of four rows 
of rivets, in which w: = 54 and w. = 8. This would be the standard spac- 
ing of rivet lines in the flange of a heavy column. 

By substituting Equations (18) and (19) in Equation (17), the following 
result is obtained, 


n M 
4. Sea (23) 
AN Te (n — 4) pl + [4e (wm. + 20) + MY 


1 3 2 
in which, M = (w:)? + (wy + 2we)? + a (i = 16)” p. 


3 Civil Engineering, February, 1931, p. 413. 
«Structural Designer, Davies & Wailes, Long Beach, Calif. 


40 Received by the Secretary September 24, 1934. 
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Fig. 5 was constructed by solving Equation (23) for various values of 
e and n. Charts of this type have several advantages over those presented 
by Mr. Dubin. Their construction does not require knowledge of alignment 
charts, or of the special method mentioned in the paper; they are more 
accurate and more compact. ; 


Apert WertHetmer, Ese. (by letter)."*—The manner in which the 
complicated equations of this paper are finally presented in the form of 
alignment charts is of special interest.. The method is quite general, in that 
it can be applied to any set of data in three variables, given either in 
tabular form, or as a family of curves. The general theory and application 
of this method have been discussed by the writer elsewhere.° 

The chart obtained from any given set of data is not unique; as a rule, 
several types of charts can be obtained to represent the same data even with 
the same degree of accuracy: The choice of any particular type depends upon 
other factors, such as the desirability of having one of the scales a straight 
line, ete. 

The excessive waviness of one of the scales in each chart of this paper 
could probably have been eliminated, if the other scales had been allowed to 
become curved instead of straight lines. However, this is only a matter 
of appearance, as the charts in their present form are sufficiently accurate 
for all practical purposes. 


Kenneta L. DeBtors,’ Assoc. M. Am. Soc. C. E. (by letter).*—A method 
of solving certain eccentric riveted joints directly instead of by the usual “cut 
and try” method, is presented in this paper. The author is to be commended 
for his clear and concise presentation of the analytical and nomographical 
solutions. As he states, the problem ‘has been restricted to a consideration of 
the case in which the action line of the load is parallel to the rows of rivets 

in the group. The four examples given will fit numer- 
%-ous cases of web splices, crane brackets, cantilever 


P 


riveted connection is often eccentric to the center 
of gravity of the member. 

In bridge truss design the author’s examples might 
be of use in the top chord joints where the line of 
action of the load is usually eccentric to the rivet 
group. Practical considerations make the direct solu- 
tion of heavy members more difficult, due to: the dif- 
ferent spacing of rivet lines and the number of rivets 
per row, to staggering, and to the unsymmetrical ar- 


Fic. 6, rangement of rivets. The case may occur in which 


'Care, Bureau of Ordnance, U. S. Navy Dept., Washington, D. C. 
Sa eine by the Secretary October 9, 1934. 
*“The Graphical Transformation of a Family of Curves into Strai 
yoo rete ar et eh as n y es into Straight Lines and the 
ee enaieet: mt. Charts”, by Albert | Wertheimer, Journal, Franklin Inst. 
7 Asst. Bridge Constr. Engr., San Francisco-Oakland Ba i 
i y Bridge, Oakland, Calif. 
™# Received by the Secretary October 11, 1934 k 
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some rivets are in single shear, and the others in bearing, in the same joint. 
Each joint of a heavy truss is a special problem and the “cut and try” method 
is probably the most convenient. When the author’s charts do not apply and 
when it is desired to find the polar moment of inertia, Sr’, of a symmetrical 
joint, Equations (8), (10), (16), and (22) afford a quick method 

Example 1 can be extended to cover the case as shown in Fig. 6. The 
author’s nomenclature is used with the addition of the force, F, normal to 
the line of action of the rivet row. In Equation (24) Ff and P are components 


of the load, R: 
P\ie (Ber, 4 FY 
7 = | — te RT BRE ee arta Bacar 
(2) +(e + “) (24) 


Substituting values of ro, 37’, and S, as given in Equations (2), (3), and 
(6), respectively, Equation (24) is convertible to the form, 


Ge al F? fe cy 
-—_=75 —{— a Na Me hae RY OSE ss ces tote receks 5 


corresponding to Equation (7). In a similar manner, Example 1 can be ex- 
tended to two, three, and four rows of rivets. 


JonatHan Jones, M. Am. Soo. OC. E. (by letter).“—The topic of this paper 
has been treated in the Handbook’ of the American Institute of Steel Con- 
truction, the solutions in both sources being restricted to certain frequently 
oceurring special cases, for each of which a general formula is given. 

_ The principal difference is that the author presents alignment charts for 
__ ready solution of the several formulas, whereas, the Handbook presents tables, 
~ which, for values of eccentricity other than the exact values tabulated, require 
interpolation. It must be granted that interpolation is sufficiently accurate 
for the purpose; the choice becomes, then, one of individual preference, and 
the writer feels that most draftsmen will prefer the tables, which are an 
extension of similar tables long since published in handbooks on steel 
construction. 

There is one distinct advantage, however, in the Handbook table over the 
author’s chart for the case of four rows of rivets, when the most usual applica- 
tion is considered; that is, in eccentric connections to building columns. The 
author uses 3 in. for the distance between gauge lines, which distance is not 
practical for column flange detailing. In the Handbook tables, the distances 
between gauge lines are those which have been standardized by the fabricating 
industry for column detailing. It is believed, therefore, that the presentation 
in the Handbook, is a superior one for the usual structural drafting-room. 


Armin Rozmay,” Eso. (by letter)°%—The method of developing align- 
ment charts and formulas for eccentric riveted connections presented by the 
author is a valuable contribution to the field of designing details. The con- 


8Chf, Engr., MecClintic-Marshall Corporation, Bethlehem, Pa. 

80 Received by the Secretary October 16, 1934. 

° “Steel Construction,” 1934 Edition, pp. 222-223. 

10 Agst. Structural Bngr., U. 8S. Treasury Dept., Washington, D. C. 
10° Received by the Secretary October 16, 1934. 
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struction of this type of chart becomes comparatively simple and rapid. In 
his paper, Mr. Dubin presents the most commonly used charts which only 
need to be copied for application. Other eccentric problems can be easily 
solved by his method. 

For example, consider the detail of bracket connections, such as those 
shown in Fig. 7. The stress in the extreme rivet is the resultant of the 


| 
(a) (0) 


Fig. 7%. 


vertical shearing stress and the moment-produced horizontal stress, or 
tensional stress. Theoretically, the computation of this horizontal stress is 
quite complicated. The moment is resisted by couples composed of con- 
centrated tensional stresses on the rivets and uniform compression stresses, 
depending on the strength of the bracket itself. The problem is somewhat 
similar to that of reinforced concrete beams. It involves too many unknowns 
to be solved by a method practical for ordinary usage and for designing 
charts. In practice, however, it is assumed that the moment is resisted by 
couples acting around the gravity center line of the rivets, the couples being 
composed of compressional as well as tensional concentrated stresses on the 
rivets. As a result, the connection is stronger than necessary, and the “short- 
cut” is on the safe side. 

The formulas will be similar to Equations (1) to (4) in Example 1: 
Equation (1) remains unchanged; Equation (2) becomes: 


G9 
1, = Pp 2 _ p(n — 2) (26) 


Ce ee ey 


Equation (8) becomes: 


zp = a (9-4 2). De es (27) 


and Equation (4) becomes: 


cls) Reasbl a Spel tame tl opted pi: 
(5) e l= vi = eyes id burly eed - (28) 


With a standard value of p, Equation (27) can be solved by an align- 
ment chart. 
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In the design of plate-girder web splices, Fig. 1 cannot have as general 
use as would appear on first thought. For illustration examine first a simple 
girder with one concentrated load (see Fig. 8(a)).. At any section the 
moment is equal to the shear (in this case, R,) times the arm, x, which 


ee A 
eae Sree OE a 
(a) 
Fig. 8. 


varies from 0 to L;. Next, examine a simple girder with uniform load (see 
Fig. 8(b)). At any section the moment is eqial'to the shear times the arm. 
The shear is equal to the resultant of all the forees to the left of the section, 
or R, — uz, and the point of action of the resultant force is outside the span. 
For a section taken at the center of the span the point of action of the 
resultant force is at infinity and the force is equal to 0. 

Similar reasoning can be offered for other types of loading, and, there- 
fore, the arm can never be less than the distance between the splice and 
the support (as in the case of one concentrated. load), and its maximum is 
infinity (as in the case of uniform loading). 

The moment is maximum where the shear is zero, and it follows that at 
any point of maximum moment the arm is infinitely long; that is, 


Moment _ arm: Maximum moment = 
ro oy 
Shear 0 


A plate girder web is usually spliced if the girder is too long to be 
fabricated or to be shipped in one piece, and then it is spliced somewhere 
between the third point and the center. A girder less than 40 to 50 ft long 
is seldom spliced, and, therefore, a chart to meet the foregoing requirements 
must have as its limits of eccentricity about 15 ft to infinity, which .does not 
seem practical. A. chart for web splices, however, can be utilized profitably 
in designing wind-bracing brackets of plate girders, in which case it is 
commonly assumed that the moment is equal to a vertical concentrated load 
times one-half the span. The eccentricity is always one-half the span. More- 
over, since generally the vertical shear in the girder due to the wind forces 
js neglected, Equation (4) and, consequently, Fig. 1 can be simplified. 


% Naturally, the splice must be investigated independently for the shear due 


to the gravity load. 
Care should be exercised, however, in computing the area, A, when using 


the chart, because s is not the allowable rivet value as in the case of simple 
eccentric connections, but depends on the location of the extreme rivet as 


compared with that of the extreme fiber. 


: 


1524 DE JONGE ON ECCENTRIC RIVETED CONNECTIONS Discussions — 


a 


A. E. R. de Joncr, M. Am. Soc. C. E: (by letter).“*—The subject of — 


eccentric riveted connections has already been dealt with many times by 
numerous investigators.” Thus, the subject is not a novel one. 

As the author states at the beginning, he has-set himself the task of 
eliminating the “cut-and-try” method necessitated by the “families of curves” 
used by his predecessors. For these families of curves he substitutes an align- 
ment chart. 

In itself, there can be no objection to the use of an alignment chart if it is 
easily constructed and allows of sufficient accuracy in obtaining the results. 
In order to construct an alignment chart, the author develops formulas which 
express the relationship between load, eccentricity, “stress” in the extreme 

‘yivet, spacing of rivets, and number of rivets in the group. At this place 
the critical reader misses the diameter of the rivet which, of course, is an- 
other important variable in this problem. ° 

Furthermore, the author restricts himself to the case of a IOS ae jing of 
action of which is parallel to the rows of the rivet groups, and ,to a rivet 
spacing (rivet pitch) of 3 in. In the-case of two rivet rows, he considers 
a spacing of the rows from 8 to 10 ‘in.,..while in the case of three and four 

“rows he deals with a 3-in. spacing between rows only. Thus, it follows from 
the beginning that the author has covered only a few of the possible cases, 
*-go that his alignment charts require considerable extension before they can 
cover all the cases that may be solved by the families of curves used by his 
predecessors. In fact, he too would require families of curves to cover all 
cases possible, and, in the alignment charts, these families of curves would 
be far more complicated (note the wavy curves and the overlapping w-curves 
for various values of n in the examples treated) than those of his predeces- 
sors. Besides they would make the reading off of the values much more 
troublesome, quite apart from .the far greater amount of labor required in 


. constructing these charts. 


Moreover, alignment charts are simple and accurate only when they con- 
_ sist. of straight lines. The mere fact that the curves must actually be 
_ drawn involves errors, which it is impossible to predict and to guard against, 

and considerably complicates the task of laying out these charts. Undoubtedly, 
_the severity of this task would have become more evident had the author 
described how he actually arrived at the curves and constructed the charts, 
and ‘since he has covered only a small fraction of the possible cases, this 
description of the process of construction is the very subject that-is of a far 
greater interest to the average engineer than the few ready charts included 


,, im the paper. 


: Another fact that should not be overlooked is the accuracy of the charts 
_ for certain conditions. For example, in Fig. 1, let the ratio of the load to 
the rivet stress be 4.5, while the eccentricity be 2 in.; then, the intersection 
between the n-curve and the straight line -joining the two points on the 


"With Babcock & Wilcox Co., New York, N. Y. 
4a Received by the Secretary November 13, 1934, 
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\ 
respective guide scales is so flat that the slightest deviation from the true 
location, due to errors committed in laying out or drawing the curves, changes 
the result considerably. In this case, the uncertainty of the result lies be- 
_ tween five and seven rivets. The same holds for the other charts in similar 
cases, as, for example, in Fig. 2 for art eccentricity of 2 in. and a ratio of 
load to rivet-stress of 3, in which case the uncertainty of the spacing be- 
tween rivet rows is between w = 6 and w = 9 in. for n = 4 rivets. Similar 
conditions prevail in the remaining charts of Figs. 8 and 4. Thus, it can- 
not be said that the accuracy in the cases cited is great, an obvious draw- 
back to the use of the alignment charts. Further disadvantages are the 
uneven increments of the various scales (since they likewise affect the ac- 
curacy of the alignment charts) and the necessity of keeping a ruler handy 
when using the charts. yi 
Furthermore, the author’s use of the term, “total stress”, in the extreme 
__ rivet is unfortunate because stress is now understood to denote what was 
formerly called “unit stress”. In fact, the author obviously means “load on 
the extreme rivet”””> This ambiguity could have been avoided easily if, 
in the list of notations, the dimensions of the various quantities had been 
stated definitely. On the other hand, the introduction of the “load” on the 
extreme rivet is the reason why the rivet diameter, this rather important 
variable, does not appear in the author’s formulas and charts. The very ob- 
jection to the older methods which the author intends to eliminate, namely 
the “cut and try” method, is thus re-introduced by him in that an assumption 
must be made with regard to the diameter which, if it should prove unsuit- 
able, would have to be amended by a different choice. This, however, is 
nothing but a “cut and try” process. 

‘There remains then the setting up of the alignment charts which, for 
Example 1, can be accomplished readily by the perusal of any treatise on 
graphic representations and alignment charts, although it would be neces- 
sary for the reader to obtain such a treatise before he was able to construct 
the chart, unless he is already conversant with the methods used. 

In the case of Examples 2 to 4, the author admits that even such treatises 
would not help the reader, as there does not as yet exist a standard method 
that would readily allow of the construction of the alignment charts which 
represent the respective formulas. In fact, the author refers to a method by 
A. Wertheimer, of the Bureau of Ordnance, United States Navy Depart- 
ment, which, by a process of. successive approximations, allows of setting up 
such an alignment chart. Unfortunately, the author has given no reference 
as to where the ‘description of this method may be found; nor has he stated 
whether it has been published at all. Under these circumstances it is 
neither possible to check the charts for Examples 2 to 4, nor to make use of 
alignment charts for cases other than those, covered by the charts given in 


120.4, serious difficulty arises from the author’s use of the term, “total stress’, 
in connection with the denomination, ‘‘sq in.’’, as given in Figs. 1, 2, 3, and 4 in 
the sub-caption. This combination makes it appear that the author has used the 
term, stress, as “unit stress’ and has set up non-homogeneous equations. 
The writer notes that the denomination, “sq in.”’, given in Figs. 2 2h Ben eat A 
should be deleted; for example, in Fig. 1, the sub-caption should read “(b) for 
A < 5.” 
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the paper. Thus, it would be of value to the profession if these omissions 
were rectified by the author. 

After having discussed the shortcomings of the paper with Tae to 
detail it seems appropriate to review it also from a more general point of 
view. 

What has the author really accomplished? What new and permanent 
good has his paper brought. the profession ? 

The answer to these questions can only be that he has introduced a new 
method of plotting results that are already known. As far as advancing 
the theory of structures is concerned, the author does not bring forward 
any new points since his assumptions are the same'‘as those used by all his 
predecessors, namely: (1) A perfectly rigid plate; (2) an even distribution 
of the direct load over all the rivets of the joints; (8) direct contact  be- 
tween rivet shank and plate; (4) all the rivets act in shear; and, 
(5) deformation of the rivet shanks in proportion to their distance from the 
center of gravity of the rivet group. 

It is well known that none of these assumptions holds true in practice, 
The plate is not perfectly rigid; and the rivets of the joint do not carry an 
equal share of the direct load, but the outermost rivets of the group (in, the 
direction of the line of action of the force) carry by far the greater propor- 
tion of the load as was clearly shown by A. Hrennikoff in his paper” and 
in the discussion which ensued, particularly by the literature cited at that 
time by the present writer. Furthermore, the rivet shanks do not bear against 
the plate at all, at least not if the connection has not been over-strained 
previously so that permanent slip and deformation have occurred. This is 
due to the fact that, at working loads, the riveted joint carries the load by 
the frictional resistance developed between the plates. . Finally, the bend- 
ing moment distorts the outer parts of: the bracket or connection plate more 
than the inner parts, due to the greater stresses which act in the outer parts. 
Thus, the assumption that the rivets, in supporting the bending moment, 
carry 4 load in proportion to their distance from the center of gravity of 
the group is likewise incorrect, the outer rivets supporting, in this case, 
too, the greater part of the moment. 

It is perfectly clear, therefore, that the outer rivets carry by far the 
greater part of the eccentric load, contrary to the results shown by the older 
methods of calculation, including that by the author’s alignment charts, Thus, 
these charts do not give the correct loading that comes on the rivets, and 
the paper can only be of academic interest as establishing a new method of 
presenting, in a new mathematical form, data already known to be incorrect. 

In this connection, a few words on the excessive use of mathematics in 
cases where it is not essential, are in order. It is a great pity, that, at 
present, many investigators take up only. the mathematical side of 
engineering problems without duly considering the physical (and practical) 
foundations underlying them. Many highly complicated treatises are written 
nowadays based on greatly simplified assumptions, thus being of doubtful 


“Work of Rivets in Riveted Joints’, by A. Hren: ikoff, T m. 
Soc. C. E., Vol. 99 (1934), pp. 437-489. Y, re nee a 
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“value in practice. This is particularly the case in the theory of structures, 
and a simple reflection often shows that the results arrived at must be 
fallacious on that very account, as they do not take into consideration the 
‘underlying physical conditions which, generally, are of a very much more 
complex nature than the simplified assumptions made. 

- To give an example: What could be simpler than an ordinary pin such 
}as is often used in bridge or truss construction. It is generally assumed 
‘that it is subjected to a bending moment and shear, the former giving a 
‘stress generally far in excess of the shear stress. If, however, instead of 
the Navier theory, which makes simplifying assumptions, the more corréct 
“mathematical theory of stress is used, as was done by Friedrick Bleich,” 
| it is found that the stresses near the ends of the pin are far in excess of 
both those due to bending and those due to shear. Another example is the 
‘distribution of stress at points of fixation, a problem which only in quite 
‘recent times is beginning to be studied.* Furthermore, in all problems it 
fis assumed that the material is perfectly homogeneous and isotropic, a re- 
‘quirement which no engineering material fulfills. A little blow-hole or 
‘inclusion may alter the calculated stresses far beyond the yield point. These 
are all facts that are often. completely overlooked; and yet, it is the correct 
‘balance between the physical foundations of a problem, the simplifying as- 
‘sumptions, the mathematical treatment (graphical or analytical treatment), 
‘and the accuracy in calculation (which often is driven unnecessarily far 
‘beyond requirements), that constitute a practically useful solution of a 
“problem. 

A further example of the trend of the times is the following: When 
the writer recently was asked for advice by a University Research Fellow 
‘regarding a certain stress problem, and when he suggested that a graphical 
‘solution might yield results of sufficient accuracy for practical purposes where 
| the analytic methods would give either no results, due to the complexity 
of the problem, or results which (due to the simplifying assumptions neces- 
sary to solve the differential equations) would not be in conformity with the 
‘actual stresses obtaining in the problem, the gentleman in question con- 
‘eurred readily that a graphic treatment might yield a result, but stated 
that such a solution would not be as highly scientific (meaning mathematical). 
“This answer is typical of the attitude often found. 

é Lord Kelvin is credited with having stated that “a problem is never 
‘solved until it has been reduced to its simplest terms”. To this must be 
‘added that its foundation must be sound and should be investigated first. 

| Tt is often more necessary for engineers to display sound common sense 
“(as witness the early pioneers who, with their very incomplete knowledge 
‘of the theory of stresses, erected buildings that have stood the test of time), 
‘than to rely on calculations of doubtful value. In this respect, the writer 


14 +6 Ss mit Rechteckquerschnitt als ebenes Problem”, von Friedrich 
Bie ee eee, tet ooh ds pp. 205-259, May 10; pp. 304-807, May 81; 
; 327-331, June, 1923. See, also, his “Theorie und Berechnung eiserner Briicken”, 
ihapter 4, *paragraph 15, Julius Springer, Berlin, 1924. ; 
sor example, “Der Hinfluss von to ae erence: won et ae 
ie i Z i ” von A, Thum an ‘ underlich, Zeitschri r 
‘Dauerhaltbarkeit der Konstrukionen’, No 81, pp. 851-853, August 5, 1933. 
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’ 
recalls Sir Frederic Bramwell’s definition of “engineering” as: ‘The art 
of drawing sufficient conclusions from insufficient premises”. In fact it is 
often better to rely on such conclusion drawn by common sense than on 
mathematical derivations which are based on insufficient premises. If this 
would be constantly kept in mind, the rapidly growing technical litera- 
ture would benefit by the absence of many papers and articles which only tend 
to confuse the mind of the engineer earnestly searching for solutions of 
problems that conform as closely to the actual conditions as is possible with 
the means presented by the respective state of development of science. 
*Thus, if, for example, the author had investigated eccentric loaded con- 
nections by the photo-elastic method, he would have come nearer the truth 
than by the alignment charts presented as the result of his endeavors. i 
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UPLIFT AND SEEPAGE UNDER DAMS ON. SAND 


Discussion 
By MEssrs. EDWARD GODFREY, AND HIBBERT M. HILL. 


Epwarp Goprrey,” M. Am. Soc. C. E. (by letter).“*"—As an example of the 
trend of thought in all recent papers on the subject of dams (particularly as 
to under-pressure), this paper is significant and timely. Prior to about 1910 
books on dams, at least in the English language, contained no mention 
of under-pressure as a factor in design. Papers on the subject that referred to 
under-pressure were almost nil. Nearly to the present day, the reports of the 
- many failures that have occurred, in no case attribute the failure to under- 

pressure. Many such reports, however, have placed the blame for the failure 
on the foundation, no analysis being made of the manner of occurrence. 

By its very title, Mr. Harza’s paper presupposes that dams may be built 
on the most unstable of material, where flowing water is a possibility, namely, 
sand. 

A significant statement is that of Conclusion 4. If under-pressure lifts a 
dam, it is to be expected that the water will flow through and wash out the 
foundation. ‘This is what has led engineers to conclude that the foundation 
was at fault in the failure. Masonry and concrete dams that have been lifted 
and floated down stream, or have slid on their foundations, or have overturned 


because of insufficient base width to resist under-pressure, have not failed be- 


cause of foundation weakness, but because of insufficient weight of material. 

On the other hand, blow-outs below a dam follow exactly the course 
described by Mr: Harza in Conclusion 4: Foundation material flows out at 
the blow-out and gives place to other material. Even this type of failure is 
due to under-pressure of the water-soaked earth or sand pressing upward on 
the earth crust below the dam and removing it, which allows the sub-surface 


material to flow. , 


Norp.—The paper by L. F. Harza, M, Am. Soe. C. E., was published in September, 
1934, Proceedings. This discussion is printed in Proceedings in order that the views 
expressed may be brought before all members for further discussion. 

19 Structural Engr., Pittsburgh, Pa. 

19a Received by the Secretary, October 5, 1934 
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Hissert M. Hin,” Assoc. M. Am. Soc. CO. E. (by letter).**—A rational 
treatment of the subject of seepage under dams on permeable foundations will 
no doubt be greatly advanced by this paper. Without question, Mr. Harza’s 
treatment is fundamentally correct. 

It is worth noting that, for a homogeneous foundation, determination of 
the flow and pressure conditions within the foundation is a geometrical 
problem. The distribution of flow and pressure may be depicted by an 
orthogonal family of curves forming the flow net. In a homogeneous founda- 
tion, this net is independent of the permeability and of the head and tail- 
water pressures. Its form is dependent only upon that of the base of the 
dam and of the ground under it. There is, therefore, a simple linear relation 
between the flow nets of model and prototype. 

For such homogeneous foundations it may be shown™ that if the flow net 
is so drawn as to divide the space within the foundation into approximate 
squares, and that if there are N vertical squares (flow lines) and M hori- 
zontal squares (equi-pressure lines) then the flow is equal, approximately, to: 


in which, N and UM are determined from the model, and k and h from the 
prototype. As a practical matter, only the near vicinity of the structure 
need be considered, as the flow diminishes rapidly with distance from the 
structure. 

Mr. Harza’s values of pressure are given in decimal fedatients of head. 
The constant value of the tail-water pressure must be added in all cases to 
obtain the total uplift. 

Flow nets for his various experiments have been determined by the writer 
from observations on glass-plate models.” The profile of a dam is cut from 
a thin impervious material and placed between two plates of glass. Flow 
beneath an actual dam is simulated by allowing water to pass between the 
plates. When a dye is introduced at points along the up-stream edge of 


the model, the lines of flow become visible. As bearing onthe geometrical © 


properties of the flow net, it was interesting to observe that when the head 
in the glass-plate model was reversed, the dye retraced its former path 
exactly. 


Mr. Harza’s treatment of the escape gradient and flotation is penociallat 


worthy of study. This problem is of especial interest in the design of sand 
dams, in which stability of the toe must be obtained. The, failure of such 
sloping faces (as may well be the case, also, for foundation failures), is the 
result of a combination of flotation and erosion by water issuing farther 
up the slope. The author’s critical “flotation gradient” appears in such cases 
to be an upper limit. The writer’s observations on sand models lead him to 
believe that there are various degrees of flotation—a progressive “quickening” 

70 Senior Engr., U. S. Engr. Office, St. Paul, Minn. 

20a Received by the Secretary October 15, 1934. 


2 “Aydraulik”, von Ph. Forchheimer, p. 81, Teubner, Berlin, 1930. 
% Civil Engineering, January, 1934, p. 32. 
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of the sand, as the escape gradient increases. This quickening renders the 
sand more susceptible to movement by forces other than flotation, as by 
erosive forces, or gravity on a slope, so that, for particular conditions, failure 
may occur for values less than the author’s flotation gradient. Under such 
circumstances, surprising results may be ‘obtained with a filter of coarse 
material over the affected area. For example, a sand model, 40 cm in height, 
with a top width of 25 cm, and 1 on 8 slopes, began to fail progressively with 
a head-water of about 83 em and tail-water of about 15 cm. A layer of 4-in. 
coarse sand, placed on the down-stream slope, made the model stable even 
with no tail-water. 

The general subject of seepage flow offers a fascinating and almost un- 
explored field for research, both mathematical and experimental. Various 
investigators have made a beginning on the subject. As Mr. Harza suggests 
in Conclusion 12, some organization could render valuable service by digest- 
ing and correlating the available data, and by encouraging further research. 


AMERICAN SOCIETY OF CIVIL ENGINEERS | 


Founded November 5, 1852 


Dis. CU Sot ONS 


A GENERALIZED DEFLECTION THEORY FOR 
SUSPENSION BRIDGES 


Discussion 


By Mgssrs. STERLING JOHNSTON, HAROLD E. WESSMAN, 
AND C. H. GRONQUIST 


Steruinc Jounston,” M. Am. Soc. C. E. (by letter)."*—Although this 
paper, as well as other highly commendable papers on suspension bridges, bears 
witness to the present high standards of development, there still remains a 


question of fundamental importance that is rarely, and then only sketchily, 


treated in print, namely, that of establishing an acceptable, upper limit of 
flexibility to which a suspension bridge may be designed. The desire of the 
writer, therefore, is to call attention to the need of a more uniform standard 
of measurement of the elastic behavior of a suspension bridge; point out the 
bearing that this question may have on the author’s analysis of “Designs I 
and II”; and lay proper emphasis on its economic importance. 

In Mr. Steinman’s analysis of the comparative rigidity and economy of 
the continuous and two-hinged types of stiffening trusses, the degree of rigidity 
as based on the maximum deflections at the centers of the main and side spans. 
While this method is commonly used for making similar comparisons, it may 
well be questioned as to whether such a gauge is comparable for a case of this 
kind, in which two types of stiffening trusses of widely different deflection 
characteristics are being compared. Although the maximum center deflections 
are necessary for establishing navigable clearances, they do not, in the case 
of the main span, correspond with the deflections for maximum bending 
moment or for maximum change of grade. 

Another unit of measurement, commonly used for such comparisons, is the 
percentage of change of grade under the live loads placed in the position or 
pS a ate ates uae Ts SAA lela ans eersere ane ee 


Notn.—The paper by D. B. Steinman, M. Am. Soc. C. E., was published in March, 
1934, Proceedings. Discussion on this paper has appeared in Proceedings as follows: 
May, 1934, by HE. Pavlo, Esq.; August, 1934, by Messrs. Jonathan Jones, A. Miillenhoff, 
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Tudor; September, 1934, by Messrs. L. J. Mensch, A. A. Eremin, Hans H. Bleich, 
i a | Sorege peo Gans rire oe W'. Shields, A. W. Fischer, and J. M. 

rankland; an ovember, : essrs. Fredrik Vogt, Le . ssei 
Mitchell and G. T. Parkin. z meted 
 Bngr., McClintic-Marshall Corporation, Bethlehem, Pa. 
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: positions, for maximum change; which simply means the change, in degrees, 
in the slope of the roadway due to the influence of the live load. This is 
the more preferable gauge which should be used in the comparisons made 
by the author and, in fact, should be more generally adopted for all such com- 
parisons. If it is used as a basis of comparison for “Designs I and II,” the 
degree of rigidity of each design should be based on the relative changes in 
the slopes of the main and side-span stiffening trusses at, or near, the towers 
rather than on the maximum deflections at the centers of the main and side 
spans. 

The determination of the limiting unit of flexibility to which a suspension 
bridge may be designed is fully as important, both economically and practi- 
cally, as the determination of the live loads to be carried, or the unit stresses 
to be used. What then is the upper limit of flexibility to which a suspension 
bridge may be designed, and how is it to be measured? 

Tn considering this “unit of flexibility,” care should be used to distinguish 
between the unit itself, and the functions of the unit. To illustrate: The 
unit working stress for a given steel is a function of its physical properties, 
factor of safety, shape, etc. Similarly, the unit that measures the degree of 
flexibility of a suspension bridge, is a function of the sag ratio of the cable; 
the depth ratio of the stiffening truss; the ratio of live to dead load; and 

possibly temperature changes. (The writer is inclined to believe that “tem- 
" perature changes” should be considered a function of the stresses only.) 
While all these “functions” are necessary factors in the analysis of the de- 
flection problem, no single one of them can be used as a gauge for a well- 
balanced design. They are simply a means to an end, and while the problem 
of how to keep the deflections within the prescribed limits is an all-important 
one, its consideration is beyond the scope of this discussion. The writer is 
primarily concerned with the unit itself, and more especially with the magni- 
tude of the unit. In other words, the writer’s query is not a question of how 
- to stiffen a suspension bridge, but how much to stiffen it because, if “per- 
centage of change of grade” is accepted as the basic unit with which to 
measure the degree of flexibility of a suspension bridge, the question naturally 
arises as to what this “percentage” should be. 

While these two questions of how to stiffen a suspension bridge, and how 
* much to stiffen it, are closely related, they are, nevertheless, independent ques- 
tions, each of which must be approached from an entirely different angle. 
_ The question of “how” involves a highly technical analysis of the com- 
ponent parts of the structure, whereas the question of “how much” depends 
almost entirely on the nature and demands of the traffic for which the bridge 
is to be designed. The connecting link between “how” and “how much” is 
- found in the effect of the dead weight of the suspended structure on its own 
- stiffness. The technical analysis, for example, is based largely on the dead 
load as a controlling factor. Similarly, the degree of flexibility is a function 
of the dead load, the stiffness of the stiffening truss, and the sag ratio of the 
cable. 

The practice of utilizing the dead load as a stiffening factor is of com- 
paratively recent origin, and its economic importance is probably not yet 
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fully appreciated. For spans of moderate length, the degree of stiffness is 
largely under the control of the stiffening trusses. For spans of great length, 
however, the degree of stiffness, incidental to the dead load alone of a given 
type of construction, may be such as to more than satisfy the criteria set up 
as the permissible flexibility. In such a case, a lighter, cheaper, and more 
flexible type of construction may be justified; provided, of course, that the 
deflections are kept within the prescribed limits. ea & ; 

If, on the other hand, the degree of stiffness, incidental to the dead load 
alone, is inadequate; then special provision must be made for the additional 
stiffness required. Any such provision necessarily adds to the cost. In fact, 
the stiffness and cost of a suspension bridge are very closely related; other 
factors being comparable, the more rigid the bridge is, the more costly it will 
be. It follows, therefore, that both the degree of stiffness and its unit of 
measurement are factors of fundamental economic importance.” 

The writer has reached the conclusion that the required degree of stiffness 
for any bridge depends almost entirely upon the nature and demands of the 
traffic for which the bridge is to be designed. A suspension foot-bridge, for 
example, may be so flexible as to cause alarm to some of its passengers, and | 
yet be perfectly safe and serviceable. On the other hand, the deflections of a 
modern railway bridge must be held within such narrow limits as generally to 
exclude the suspension type from serious consideration when placed in compe- 
tition with the arch or cantilever types. ; 
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The degree of stiffness required of a. highway bridge, like that of th 
railway type, must be based on the nature and demands of the traffic fo 
which the bridge is to be designed. The nature of the traffic carried by th 
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_ two types of bridges, of course, is radically different. In the case of a single- 
: track railway suspension bridge, for example, the entire moving load for 
- which the bridge is designed comes on to the span at one time, at high speed, 
~ and with heavy impact. In the case of a large highway suspension bridge, 
: on the other hand, the total live load for which the bridge is designed is 
ze seldom applied and even if it is, the application, as a whole, is so gradual as 
Ee to cause practically no impact. Moreover, the positions of the congested live 
- loads which produce the maximum changes of grade are such as may never 
_ oceur during the life of the bridge. Therefore, while the principles of design 
_ are the same for both railway and highway types, the difference in the nature 
: of the traffic permits of a much wider range in the computed changes of 
_ grade for the highway type. 
z Fig. 13 is submitted as a possible answer to the question that has been 
raised, as to what constitutes a permissible upper limit of flexibility for 
highway suspension bridges. It is based on the generally accepted thesis that 
an increase in the length of span, or an increase in the number of traffic 
lanes, permits a corresponding increase in the computed change of grade. 
_ The chart includes permissible changes of grades for live load only. It does 
i not include temperature changes. The total grade, including temperature 
_ changes and normal grade, however, should not exceed 5 per cent. 
ee The author is to be congratulated for this contribution to the literature 
on suspension bridge design. His generalized deflection theory furnishes 4 
much needed, rational analysis of the continuous stiffening truss that has 
been the riddle of this type of bridge for so many years. 


Harotp E. Wessman,” Assoc. M. Am. Soc. CO. E. (by letter).”*—It is quite 
evident to any one who has studied this field that a vast amount of painstaking 
‘Jabor lies behind this paper. Mr. Steinman is to be highly congratulated on 
his new contribution to the theory of analysis of suspension structures. 

After reading the literature of suspension bridges, one might conclude at 
first that the subject has been completely dissected and analyzed, and that 
- nothing is left for future investigators; but when one recalls the notable con- 
tributions in recent years, it is apparent that the entire field is experiencing a 
 eritical review; that much thinking has been done recently; and, what is 
most important, much thinking and study still remain to be done. 

 Farlier concepts of the action of suspension bridges placed too much 
erpretation of the function of the stiffening truss. 
- There was, and for that matter still is, a tendency to consider the stiffening 
truss as the major structural element, with the cable as a minor element added 
to assist the truss. This assignment of relative importance of the units was 
- analogous to “placing the cart before the horse.” 
7 The major structural element in a suspension bridge is the cable. The 
stiffening truss is added to help the cable. If the eable does not need help, 
the stiffening truss may well be omitted, as was done on the George Washing- 
- ton Bridge across the Hudson River in New York City. Does the deflection 
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theory apply in a case such as this? Perhaps. Even if the machinery off 
analysis may be the same, regardless of how one classifies cable and truss, it is 
important that engineers approach this problem with a-rational perspective, a— 
correct philosophy. It is well to keep in mind the valuable discussion™ by 
O. H. Ammann, M. Am. Soe. C. E., of the paper entitled, “Costs of Suspen-— 
sion Bridges,” by J. A. L. Waddell, M. Am. Soc. C. E. : 
With reference to the author’s theory, one minor point is worth noting. 


d’n M 
= 


His basic differential equation for the , is based 


upon beam deflections due to flexure only. Shear deflection is ignored. The 
basic differential equation for beam deflection is sometimes given in the fol- { 
lowing form, 


ox? oy ox 


in which, the second term represents shear effects. The first term leads to” 


oe en Poisson’s ratio is ignored. Ordinarily, shear deflection in a beam 
EI 


is so small, relative to that caused by moment, that it is of no consequence. — 
In a truss, however, the deformation of the web system, which is a measure of © 
shear deflection, may be considerable for part span loadings. t 
Even if the shear term is omitted in the differential equation, however, the 
method of selecting an equivalent moment of inertia for the stiffening truss 
will offset error due to its omission. If the deformation of the web members — 
is taken into account in determining truss deflection, and then an equivalent 
beam of uniform moment of inertia is selected that will give this same deflec-— 
tion, shear effect is accounted for to a certain extent. The author’s viewpoint — 
in this matter would be of some interest and value. H 
\ 

C. H. Gronquist,* Assoc. M. Am. Soc. C. E. (by letter).“*—The deflec- — 
tion theory presented in this paper, for distributed loading, can be modified — 
to include the effect of any number of concentrated loads in any span 
simply by adding to the general load functions, A, B:, and B,, the new 
terms for these concentrated loads. The expressions for M, and Rx,z will : 
also naturally be augmented by terms contributed by the concentrated loads. i 
2 » i 

Since ae = 0 for concentrated loads, there will be no contributions | 

x 


.: 
to the G-functions. Thus, there will be found only one set of eae | 
constants, Ci, C, for each span subjected only to concentrated loads. 

The contributions of the concentrated loads to B; in each span will be the 
sum of the simple beam reactions produced by these loads. The contributions 


to B, in each span will be the difference of the reactions. In the side ae 
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only the reaction at the tower is considered. The contributions in the several 
spans are: 


In the Main Span: 


B, => R, +- Re — ESE? Sarteuotieiieravtue cea tta reese cao) 
and, 
B= Ri — y= 3p S28 Hiss. (115) 
In the Left Side Span: 
Pie By op ees pets CSO ee ee CCIE CC (116) 


Be = Be == Ji, = bl RR ee Reman ere Git bea LT), 


P} 

In Equations (114) to (117), k, ki, and k., are the distances to the con- 
centrated loads, P, P,, and P2, from the left end of the main span and the 
free end of the side spans. : 

The contributions of the concentrations to A in each span are: 


l 
A= [Med =2P20—¥ cM weoiteadele (118) 
oO 


The contributions to B, do not enter into the expression for the contribution 
to A for concentrated loads. 

The formulas for the load functions given in Equations (114) to (118) 
may be applied without modification to unsymmetrical three-span and 
multiple-span bridges as well as to symmetrical three-span bridges with or 
without continuity. Several formulas of the paper for the case of spans 
fully loaded or unloaded would be modified, however, in accordance with the 
contributions due to concentrated loading. 

To obtain the effect of concentrated loads without any distributed load- 
ing, it is necessary merely to make p in the formulas of the paper equal 
to zero. The total values of the load functions, A, B:, and Bz, are then those 
of the foregoing contributions of the concentrated loads. 
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SECURITY FROM UNDER-SEEPAGE 
MASONRY DAMS ON EARTH FOUNDATIONS 


Discussion 


By MEssRs. WILLIAM P. CREAGER, AND L. F. HARZA 


Wituam P. Creacer,* M. Am. Soo. C. E. (by letter)"*—It has been 
suspected for some time that Bligh’s coefficients were too conservative, and 
the author has been successful in proving it. However, it is the writer’s 
opinion that even Mr. Lane’s coefficients are too conservative for scientifically 
designed structures. 

Two methods are available for the determination of the correct design to 
insure the safety of a dam on earth foundations as regards the possibility 
of piping. The first is-to model the dam after those of similar kinds that 
have stood successfully. The second consists in the direct determination of 
the safe escape velocity and in the design of the dam and its appurtenances 
to keep this velocity within proper limits. The paper deals with the first 
method. 

Unfortunately, the data collected by the author are extremely difficult to 
classify properly. Only by the remotest chance could one of the dams cited 
resemble another closely. Unadjustable differences consist of: (1) Depth 
of heel cut-off; (2) depth of toe cut-off; (8) relative length of cut-offs to 
length of base of dam; (4) relative resistance to flow for horizontal and 
vertical creep lines (quite arbitrarily, the author has adopted a ratio per 
foot of length of 1 to 8); and (5) the character of the foundation material. 
The material cannot be classified as “fine sand”, “medium clay”, etc., with 
any precision, as each class has great variations. 

In Table 1(d) the author has tabulated seventy-five dams on silt, fine 
sand, and medium sand. These have been plotted in Fig. 1 in the order of 
magnitude of the ratio of weighted-creep distance to head. Failures are 
noted by circles, and non-failures by dots. The author’s safe values for 
these materials from Table 3 have also been shown. It will be noted that 
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most of the failures were for very short weighted-creep-distance ratios, show- 
ing that creep distance has perhaps the preponderating effect on safety. On 
the other hand the great divergence of the ratio for the dams that failed 
shows that the creep distance is by no means the only influence. 
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Fig. 1 indicates that, for the twenty-nine dams designed with ratios less 
than the author’s minimum recommended value of 6, twenty, or 70% 
of them, are still standing. Furthermore, most gmall earthen dams, built of 
fine sand without core-walls, have paths of percolation ratios of less than 6. 
Therefore, it would seem perfectly feasible to design for ratios less than 6, pro- 
vided it is done scientifically, with full knowledge of the action of water 
seeping under dams: Since piping begins below the dam it will not occur 
if it can be prevented at that point. Therefore, it is only the velocity of the _ 
vertical seepage below the dam in which the designer is interested. 

The results of electro-hydro-dynamical experiments by Professor N. P. N. 
Puzyreysky,® which the writer was privileged to see in Moscow, tests made 
by the writer on both small scale sand dams, and with electro-hydro-dynamical 
experiments, as well as tests made by :L. F. Harza, M. Am. Soc. C. E., with 
the hydraulic-electric analogy tray,” all show a crowding of the flow and 
very high velocities around any projections in the base or foundations. 
Where no cut-offs are provided, this zone of high velocity is concentrated 
- at the angles of the base of the dam at the up-stream and down-stream ends. 
The water enters the foundation close to the up-stream face and leaves it 
close to the down-stream face at many times the average velocity, or the 
velocity that would obtain without such angles. The high velocity at the up- 
stream edge is of no importance, of course, as the foundation material is 
confined, but at the down-stream edge it is the direct cause of piping. Ifa 
cut-off is placed at the up-stream end of the base, the zone of high velocity 
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is transferred to the end of the cut-off, as shown by Mr. Harza.” A down- 
stream cut-off, which should always be used, would transfer the zone of 
high velocity away from the surface to the bottom of the cut-off and, if 
properly designed, would reduce the escape velocity to a safe amount. All 
this testimony indicates the importance of the details of design as well as 
the limitation of the line of creep. 

The velocity of escape at which any class of material will flow to cause 
piping can readily be determined from experiments on samples from the 
foundations. The coefficient of percolation can also be determined experi- 
mentally. Then, the proper length of base and length of up-stream and 
down-stream cut-offs to provide a safe velocity of escape can be determined 
by the electro-hydro-dynamical method more readily than by any other for 
any degree of perviousness along the horizontal creep, that may be assumed. 

By the utilization of different arrangements of cut-offs, it is possible to 
design two dams for the same foundation with exactly the same weighted- 
creep distance, but one will have a much greater velocity of escape than 
the other and, consequently, will be much weaker as regards piping. 

The writer does not contend that the author’s compilation of creep dis- 
tances is without value. On the contrary, it is of exceedingly great value 
for comparative purposes and for designs made without the aid of experi- 
mentation. However, the writer does take exception to Mr. Lane’s statement 
(under the heading “A NewMethod of Analysis”) that: “In the present 
state of knowledge the only method of analyzing the probability of failure 
from flow along the creep line [piping failure] seems to be a study of the 
actions of actual dams.” 


L. F. Harza,* M. Am. Soc. C. E. (by letter).**—While it contains much 
other interesting material of practical value, this paper is, nevertheless, de- 
voted mostly to the exposition of Mr. Lane’s “weighted-creep” principle, in 
which horizontal creep distance is given a value of only one-third that of 
vertical creep. The author’s approach is entirely empirical, which has led to 
the erroneous conclusion that the apparent lower resistance of horizontal 
seepage is necessarily the result of poor contact, or actual “roofing,” due to a 
combination of stratification and a settlement of the foundation material away 
from the bottom of the structure. 

Rational analysis by mathematics and its equivalent, the electric analogy,” 
proves conclusively that even in a homogenous foundation in perfect contact 
with the structure, apparent horizontal creep resistance along the base may 
have a value much less than one-third the average resistance to vertical seepage 
around the cut-offs, the actual value being related to the relative depth of 
cut-offs in-proportion to their distances apart. 

Thus, for example, in case of both heel and toe cut-offs of equal depth, d, 
as compared with the spacing, b, the hydraulic gradient or creep resistance per 
EES AL RE POISE IE Sa NOREEN 
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unit distance along the base, as compared with the creep resistance per unit 
| distance along the vertical faces of cut-offs (equivalent to Mr. Lane’s weight- 
_ ing of horizontal creep), should be, as follows: 


Space, b, between 


heel and toe Approximate 


weighted value 


2G Se: SR A 1/4.2 
PRIMM dR OAR racic u Vice ag « 1/7 
Lat Oe eee eee ee ere 1/9 


The weighting of horizontal creep resistance by any fixed relation to the | 
vertical is thus obviously incorrect in basic principle. 
< Considering the meager extent of available quantitative data, the author 

has done well to discover and verify empirically the fact that horizontal creep 
offers less resistance than vertical creep; but to try to express this ratio 
quantitatively and at a fixed value of one-third is going far beyond the 
accuracy justified by the data. Unfortunately, the relation is far too com- 
- plicated to be expressed by any such simple ratio. 

The foregoing comments apply to the condition of perfect contact between 
the bottom of the structure and the foundation material; that is, without 
_ roofing. It is granted that roofing is a condition almost inevitable in the case 
of a dam with smooth under-surface, founded on piles. It is also quite pos- 
sible if the dam is founded directly on the earth. If there is even a strong 
possibility of roofing, however, horizontal creep distance should be given no 
weight whatever, even one-third would be an unsafe assumption. The writer 
~ believes in the use of longitudinal scoring of the sand bed ahead of the placing 


of concrete to furnish what might be called a “corrugated foundation” on the 


under side of the concrete to insure against roofing. 

The effect of stratification, although not experimentally demonstrated, is 
believed to be opposite from that assumed by the author, unless in the case 
of the occurrence of an exceptionally porous stratum. It may be stated as a 
general principle that the rate at which seepage head dissipates will be rapid 
and, consequently, the hydraulic gradient will be steep in proportion to the 
tendency of the flow to concentrate. Stratification in general will tend to 
concentrate seepage flow rather than permit its diffusion. 

The writer is not a believer in reliance alone upon abstract mathematics 
unsupported by experimental data for the solution of the problem of seepage 
under dams where non-homogeneity of material may sc greatly affect the con- 
clusions. He does believe, however, that mathematics and the electric analogy 
ean be relied upon to establish fundamental principles, around which 1o build 
_ the experimental data, and that the problem should be approached in that 
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APPLICATIONS FOR ADMISSION AND FOR TRANSFER 


The Constitution provides that the Board of Direction shall elect or reject 
all applicants for Admission or for Transfer, and, in order to determine justly 
the eligibility of each candidate, the Board must depend largely upon the 
Membership for information. 

This list is issued to members in every grade for the purpose of securing 
all such available information, and every member is urged to scan carefully 
each monthly list of candidates and to furnish the Board with data in regard 
to any applicant which may aid in determining his eligibility. It is the Duty 
of all Members to the Profession to assist the Board in this manner. 

It is especially urged, in communications concerning applicants, that a 
- Definite Recommendation as to the Proper Grading in Each Case be given, 
inasmuch as the grading must be based upon the opinions of those who know 
the applicant personally as well as upon the nature and extent of his pro- 
fessional experience. If facts exist derogatory to the personal character or 
to the professional reputation of an applicant, they should be promptly com- 
municated to the Board. Communications Relating to Applicants are con- 
sidered by the Board as Strictly Confidential. 
~The Board of Direction will not consider the applications herein con- 
tained from residents of North America until the expiration of thirty (30) 
days, and from non-residents of North America until the expiration of ninety 

(90) days from August 15, 1934. 


MINIMUM REQUIREMENTS FOR ADMISSION 


Responsible 
‘ Length of 
Grade F General Requirement Age aive Prastion shen of 
i i s well as to 5 years of im- 
Member Seas ee ta rasee on Ba years 12 years* | portant work 
; eae Qualified to direct work 27 years 8 years* 1 year 
; i fessional 
Fanion Qualified for bas essio 20 yearst Avena. 


We ee ase ee Fe 

ualified by scientific acquire- peice: 

Affiliate ae or practical experience ~ 35 years 12 years* oe eane wake 
a4 to co-operate with engineers 


Contributor to the permanent 
Boley ~ funds of the Society 


* Graduation from a school of engineering of recognized reputation is equivalent to 4 years of active 


practice. : 
+Membership ceases at age of 33 unless transferred to higher grade, 


‘ 
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The fact that applicants give the names of certain members as references 
does not necessarily mean that such members endorse. 


FOR ADMISSION 


Los Angeles, 


AGNEW, JAMES CARSON, 
Winston Bros. 


Cal. (Age 51.) Director, 
Co., Minneapolis, Minn. Refers to J. L. 
Burkholder, S. B. Morris, G. P. Stowitts, 
F, Thomas, H. M. Waite, F. B. Weymouth. 


AKKERMAN, WILLIAM HERMAN, Hous- 
ton, Tex. (Age 23.) Refers to P. M. Fer- 
guson, J. A. Focht. 


ANDERSON, ARTHUR ROLAND, Tacoma, 
Wash. (Age 24.) Refers to I. L. Collier, 
G. E. Hawthorn, C. C. More, R. G. Tyler. 
ANDERSON, MAYNARD MARION, Indio, 
Cal. (Age 24.) Jun. Engr., Metropolitan 
Water Dist. of Southern California. Refers 
to G. BE. Baker, R. B. Diemer, R. R. Martel, 
H. G. Matthews, W. W. Michael,, F, Thomas, 


ANDRUS, LYNN THORPE, Ames, Iowa. 
(Age 41.) Bridge Designer, Iowa State 
Highway Comm. Refers to W. N. Adams, 
T. R. Agg, R. A. Caughey, C. C. Coykendall, 
W. E. Galligan, W. HE. Jones, Jr., A. 
Marston, 


ANNUCCI, JOHN, Elizabeth, N. J. (Age 30.) 
Refers to C. D. Billmyer, J. L. Murray. 


ANTELL, HARRY BENJAMIN, New Haven, 


‘Conn. (Age 22.) Refers to C. T. Bishop, 
J. C. Tracy. 
ARNOLD, CECIL CUSHMAN, Olympia, 


Wash. (Age 34.) Bridge Designer, Wash- 
ington State Dept. of Highways. Refers to 
O. R. Elwell, R. W. Finke, J. Jacobs, R. M. 
Murray, L. V. Murrow, H. BH. Phelps, M. K. 
wsuyder, A. M. Truesdell. 


AUSTIN, VERLE LORRAINE, Austin, Tex. 
Age 87.) Asst. Engr., Water Resources 
ept., U. S. Geological ‘Survey. Refers to 
H. C, Beckman, C. S. Clark, C. E. Ells- 
worth, O. A. Faris, N. '‘C. Grover, J. A. 
Norris. 


BAILEY, LEONARD CASSELL, Knoxville, 
Tenn. (Age 28.) Chf. Draftsman, City 
Engr.’s Office. Refers to J. G. Allen, C. N. 
Bass, N. W. Dougherty, H. H. Hale, G. H. 
Tomlinson. 

BALBIANI, ANDREW STEPHEN, New 
York City. (Age 20.) Refers to HE. 
Hooper, T. Saville. 


BAMPTON, NORMAN, Cranston, R. I. 
22.) Refers to C. D. 
Murray. 


BARNES, MARIAN EUGENIA (MISS), 
Trinidad, Colo. (Age 21.) Refers to EB. O. 
Bergman, C. L. Eckel, EH. W. Raeder, 


BEALL, RALPH RODNEY, Beallsville, Pa. 
(Age 26.) Refers to G. P. Boomsliter, L. V. 
Ronee ate H. O. Cole, R. P. Davis, W. 8. 

owns. 


BEAVERS, VIRGIL LOUIS, Nixon, 
(Age 380.) 


(Age 
Billmyer, J. L. 


Tex. 
Res. Engr., Texas State High- 
way Dept: Refers to L. B. Bone, J. A. 
pach ech 4 he IA ne H. Pollard, 
3 - Roberts, T. U. Taylor, G. G. Wick- 
line, M. E. Worrell. ei ss 


BERGMEISTER, CHARLES NICHOLAS, 
Blizabeth, N. J. (Age 24.) Refers to J. L. 
pane; L. M. Charm, L. L. Coudert, F, 

oss. 


BIRD, JOHN MACBETH, Durham, 
(Age 21.) Refers to W. G. Geile, 


BR. 
Hall, T. I’, Hickerson, (C. L. Mann. : 


N 
W. 


BJORKLUND, WALTER RAGNAR, Seattle, 
Wash. (Age 21.) Refers to I. L. Collier, 
G. E. Hawthorn, C. C. More, R. G. Tyler. 


BLAKEMORE, WILLIAM ALLEN, Houston, 

Tex. (Age 45.) Chf. Engr., Gulf Produc- 
tion Co. Refers to C. N. Black, J. H. 
Bringhurst, H. Culpeper, G. H. Lacy, 
W. H. Mead, W. P. Stine. 


BLOUNT, GEORGE COCHRAN, Phoenix, 
Ariz. (Age 25.) Transitman, Arizona 
Highway Dept. Refers to A. Freitag, F._N. 
Grant, W. R. Hutchins, I. P. Jones, Jr., 
E. V. Miller, 'T. S. O'Connell. 


BLUNT, ALLYN WILLIS, Azusa, Cal. 
30.) Res. Engr., San Gabriel Dam N 
Los Angeles County Flood Control Dist. 
Refers to E. C. Haton,' K. J. Harrison, 
H. B. Hedger, L. C. Hill, N. B. Hodgkinson, 
F. Thomas. 


BOGUSLAVSEY, BORIS WILLIAM, Seattle, 


Wash. (Age 25.) Refers to I. L. Collier, 
G. E. Hawthorn, C. C. May, C. ‘C. More, 
R. G. Tyler. 

BOLON, HARRY CLOYD, Rolla, Mo. (Age 
29.) Asst. Engr., U. S. Geological Survey. 
Refers to H. C, Beckman, J. B. Butler, 
N. C. Grover, BE. G. Harris, J. C. Hoyt, 


Cc. G. Paulsen. 


BOREL, PAUL ARNOLD, Toledo, Ohio. 
(Age 22.) Refers to G. W. Bradshaw, J. O. 
poness Wa C. McNown, H. A. Rice, F. A. 

ussell. 


BOSLAND, FRANK EVERET, Paterson, 
N. J. (Age 25.) Refers to P. g. Boughton, 
H. N Cummings, W. S. LaLonde, Jr. 


BOTTA, ADELMO, Paterson, N. J. (Age 
red pre to F. M. McCullough, C. B. 
anton, 


BOUCHER, RAYMOND, Montreal, Que., Can- 

ada. (Age 28.) Graduate student, Massa- 
chusetts Inst. of Technology, Cambridge, 
Mass. Refers to H. K. Barrows, K. C. Rey- 
nolds, G. BE. Russell. 


BRADLEY, CHARLES SMITH, Boise, Idaho. 
on ae 22.) Refers to W. L. Gorton, G. R. 
olomon. 


BRADLEY, HARRY CALVERT, Sea Bright, 
N. J. (Age 22.) Refers to G. J. Davis, Jr., 
D. 'C. A. du Plantier, 8. C. Houser. 


BRASAEMLE, RAY - IRVIN, Barberton 
Ohio. (Age 22.) ; 
ley, H. C. Beckman, J. B. 
Carlton, BE. G. Harris. : 


BRASLOW, BARNETT, New York City. 

(Age 51.) Gen. Supt. of Constr. and Mem- 
ber of Re-Rate Board for C.W.A. Refers 
to M. Davis, P. J. Greenough, Y. M. Kare- 
kin, G. Simpson, G. 'W. Thompson. 


BRILL, HARRY VALENTINE, Jdr., Lyn- 
brook, N. Y. (Age 25.) Refers to EB. R. 
Cary, L. W. Clark, H. O. Sharp. * 


BROOKS, ROBERT BL 5 
Louis, Mo. (Age 21, Bodmancekricl 
State Highway Dept. 
Brooks, H. HB. Frech, C. HB, Galt, B. R. 
Kinsey, H. O. Sweetser, R. A. Willis. 


BROSCH, CARL WILLIAM, Bran 
Summit, Pa. (Age 24.) Refers ton 
Bowman, S. J. Leonard. 


Butler, E. W. 


St. 
Rodman, Missouri 
Refers to R. B. 


ine 
1. L. 


Refers to C. E. S. Bards- — 


; 


1 


yi 
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rt 
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BROWN, ROBERT HORACE, Des Moines, 
Iowa. (Age 24.) Instrumentman, Iowa 
State Planning Board. Refers to T. R. 
Agg, J. S. Dodds, A. H. Fuller, W. E. 
Galligan, L. O. Stewart. 


BRUNK, GUY GEORGE, 
Age 23.) 
aughey, A, 
Stewart. 


ae aby aloes JOHN GRAYSON, Washington, 
Cc (Age ah Refers to J. B. Babcock, 

3d, Cc. B. Breed 

BUOB, MILFORD Peee eran 

N. J. (Age 26.) Refers to C 

R. H. Suttie. 


BURKS, WILLIAM S§, Jr., Birmingham, 
Ala. (Age 22.) Refers to D. C. A. duPlan- 
tier, S: 'C. Houser, H. E. Michaels. 


BURNETT, KNOX FOLSOM, North Platte, 
Nebr. (Ag e 381.) Structural Designer, 
Platte Valley Public Power and Irrigation 


Des Moines, Iowa. 
Refers to T. R. Agg, R. A. 
H. Fuller, A. Marston, L. O. 


Irvington, 
nt Farnham, 


Project. Refers to D. L. Erickson, R. M. 
Green, H. D. Jolley, J. Latenser, Jr., J. G. 
Mason, D. D. Price. 


BURNSON, BLAIR IRVING, Piedmont, Cal. 
Ss 22.) Refers to B. A. Htcheverry, 
. G. Hyde. 


ae, CHARLES LINCOLN, Kansas City, 
Mo. (Age 26.) Refers to C. HB. S. Bards- 
ley, H. C. Beckman, J. B. Butler, BH. W. 
Carlton, E. G. Harris. 


BYRNE, RALPH EDWARD, Jr., Pasadena, 
‘Cal. (Age 22.) Refers to F. J. Converse, 
R. R. Martel, W. W. Michael, F. Thomas. 


CAMPBELL, THOMAS HERBERT, Seattle, 
Wash. (Age 22.) Refers to C, W. Harris, 
. C. More, W. D. Shannon, R. G. Tyler. 


CASSELL, DAVID BENNETT, Jr., Brown- 
ing, Mont. (Age 22.) With Lawler Cor- 
poration,-Browning, Mont. Refers to F. L. 
Copeland, R. M. Fox, R. Rasmussen, W. A. 
Rogers, D. M. Wilson. 


CAUGHRAN, GILBERT WOOD, Tacoma, 
Wash, (Age 22.) Chainman, Washington 
State Highway Dept. Refers to O. A. Abel- 
son, . E. Phelps, M. K. Snyder, J. G. 
Woodburn. 


CHAB, Napa! Wilber, Nebr. 
Refers to M. 
Mickey. 


CHAI, HO-CHENG, Ames, Iowa. 
Graduate student, Iowa State ‘Coll. Refers 
to F. A. Barnes, R. Caughey, C. H. 
Clarahan, Jr., A. H. Fuller, F. Kerekes, 
J. I. Parcel, LL. C. Urquhart. 


CHOSNYKOWSKI, THEODORE Pitan 2 


(Age 25.) 
I, Byinger, AJ, Kesner, C. BH. 


(Age 25.) 


Newark, N. J. (Age 21.) Refers to H. 
Cummings, W. S. LaLonde, Jr. 
CHRISTOFIDES, ieee et Hollis, N. Y. 
(Age 21.) Refers to H. P. Hammond, D. J. 
Squire. 

CLARK, BEN HARDIN, Albuquerque, N. 
Mex. (Age 21.) Refers to J. H. Dorroh, 
H. C. Neuffer. 

CLINTON, FRANK MARK, Tucson, ane 


(Age 26.) Refers to E. S. Borgquist, W. 


- Dickinson, F. C. Kelton, E. V. Miller, J. c 
Park, 
COAKLEY, EDWARD ALBERT, New York 
airy. (Age 27.) Refers to P. S. Dow, 
. W. Garran. 
eee. SOL, Los Angeles, Cal. (Age 24.) 


Refers to W. W. Michael, F. Thomas. 
CONARD, RAYMOND FOSS, Philadelphia, 
Pa. (Age 23.) Refers to H. L. Bowman, 
Ss. J. Leonard. < i 

OPER, ALFRED JOSEPH, Jr., New Or- 
Coane) La. (Age 21.) Refers to H. 8. Bres, 
Dp; Derickson, W. B. Gregory. 
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CORTELYOU, JACK TAYLOR, Los Angeles, 
Sie ; {Ase 21.) Refers to M. Butler, RR. 
arte 


CREIGHTON, SAMUEL JAMES, 3d, Craf- 
ton, Pa. (Age 21.) Refers to A. Diefendorf, 
L. c McCandliss. 


CRUMPACKER, HAROLD CHESTER, South 


Bend, Ind. (Age 23.) Refers to W. 
Dauchy, G. A. Maney. 

CULLUM, Cats C, Charlotte, N. C. (Age 
30.) Designer, W 3. Lee Hng. Corporation. 
Refers to re Hopkins, A. C. Lee, W. S. 
Lee, Jr., Menor J.N. Stribling, Crk 
Wanzer. 

CULVERN, FREDERICK EUGENE, Cam- 
den, 8. C.. (Age 24.) Refers to T. F, Hick- 
erson, R. M,. Trimble. 

CURTIS, GEORGE LEWIS, Hast Orange, 
IN Sis (Age 26.) Refers to ‘ Cum- 
mings, W. S. LaLonde, Jr. 

DALPHOND, eritone ee Belleville, N. J. 
(Age 25.) Refers to H, N. Cummings, W. 8. 
LaLonde, Jr. 

DAMES, TRENT RAYSBROOK, Los An- 
geles, "Cal. (Age 22.) Refers to R. R. 
Martel, W. W. Michael, F. Thomas. 
DANFORTH, GEORGE, mor tend, A des (Age 
26.) Refers to . Griffith, . Mock- 
more. 

DARLING, JAMES WILLIAM, Kansas City, 
Mo. (Age 22.) Refers to C. B. S. Bards- 
ley, H. C. ee dee J. B. Butler, BE. W. 
Carlton, F. W. Green, HB. G. Harris, C. V. 
Mann. 


DASHIELLS, JOHN LESTER, Baltimore, 
Md. (Age 23.) Refers to J, H. Gregory, 
J. T. Thompson. 


DAVIDSON, IAN MacLEOD, Newnan, Ga. 
(Age 22.) Refers to R. P. Black, Pp. M. 
Feltham. 


DAVIS, OWEN DAVIES, Corvallis, Ore. 
(Age 23.) Refers to J. R. Griffith, C. A. 
Mockmore. 


DAVY, RUSSELL oe Chicago, Ill. 
(Age 89.) Civ. Engr., A Century of Prog- 
ress. Refers to J. R. Hall, F. R. Judd, 
J. L. McConnell, H, T. Murchison, A, N. 
Wardle. 


DEEMER, ARTHUR P, Jdr., 
Pa. (Age 28.) Instrumentman, 
yania State Highway Dept. Refers to F. 
Bvans, C. B. Stanton, 8. A. Taylor, H. 
Thomas. 


DeFRANCESCO, DOMINICK, New York 
City. (Age 23.) Rodman and Acting Tran- 
sitman, Parks Dept., New York, on C.W.A. 
project. Refers to TEL Te Hogan, A. ¥F. 
Lipari. 


eee, Phi delphia, Pa. 
CLAR adeip ’ a 
fers to R. P. Black, G. M. Dillingham, B. M. 
Hall, “x., "H.C. Seward, F. C. Snow. 


DeLUCA, EDWARD DONALD Montelay 
N. J. (A ge 24.) Refers to G. J. Davi 8, Jr., 
D. C. A. duPlantier, S. C. Houser. 


DERRICK, 
geles, Cal. 
to O. 


G. 
Gerald, 


Wilkinsburg, 
Pennsy]- 
Af 
A. 


LUDLOW VANDERBURG 
(Age 24.) Re- 


R. V. Labarre, R 
J. Miller, B. Noice, 


DIETZ, JOHN RAP 
Pa. (Age 22.) Refers to 
S. J. Leonard. 
DiLORENZO, ANTONIO WINCENT CAR- 
MINE, West New York J. (Age 25.) 
Refers to A. H. Beyer, a kK Finch, C. R. 
Wyckoff. 


HAEL 


yeas toc La 
H. 


Bowman, 


Dos 


DOBBS, MELVIN ARTHUR, Urbana, IIl. 


(Age $5.) Asst. Engr. with State Water 
Survey Div. Refers to J. J. Doland, W. D. 
Gerber, 


DOLL, BYRON EMERSON, Los Angeles, 
Cal. (Age 23.) Refers to R. H. Davis, C. 
Derleth, Jr. 


DONOVAN, MAURICE VINCENT, New 
York City. (Age 28.) Refers to A. H. 
Beyer, J. J. Costa. 


DOUGHERTY, JOHN WILSON, Portland, 
Ore. (Age 21.) Refers to J. R. Griffith, 
G. W. Holcomb, C. A. Mockmore. 


DOUGLAS, ALEXANDER WILLIAM, New 

York City. (Age 24.) Engr. and Supt. of 

‘Constr., Works Div., Office of Borough 

ae F Bronx, Highway Div. Refers to J. 
. Costa, A. V. Sheridan. 


pane JAMES FREDERICK, 3d, Balti- 
more, Md. (Age 238.) . Refers to J. H. 
Gregory, J. T. Thompson. 


oh ee HAROLD BALDWIN, Maplewood, 
N. (Age 45.) Refers to HE. Y. Allen, 
J. ae Emery, W. W. James, V. R. Phil- 
lips, H. BE. Van Ness. 


ECKHARDT, GEORGE ROBERT, Newark, 
N. J. (Age 22.) Refers to H. N. Cum- 
mings, W. S. LaLonde, Jr. 


ELKOW, MILTON OMELIAN, Brooklyn, 
NY *(Age 21.) Refers to H. P. Ham- 
mond, L. F. Rader. 


ELLIS, RICHARD HENRY, Newton Centre, 
Mass. (Age 41.) Director of Public Works, 
City of Newton, Mass. Refers to EH. S. 
Chase, H. P..Eddy, H. P. Eddy, Jr., L. C. 
Hough, F. A. Marston, W. P. Morse, G. A. 
Sampson. 


ENGLANDER, SAMUEL HILLIARD, Glens 
Falls, N. Y. (Age 22.) Refers to C. T. 
Bishop, J.-C. Tracy. 

ERICHSEN, FRANK PETER, Denver, Colo. 
(Age 25.) Jun. Engr., U. S. Bureau of 
Reclamation, Dam Design Div. Refers to 
F. M. Dawson J. J. Hammond, H. F. Janda, 
'C. BH. Pearce, L. G. Puls, L. F, Van Hagan. 


ERSKINE, ROBERT MecNEE, Weehawken, 
N. J. (Age 23.) Refers to H. N. Cummings, 
W. S. LaLonde, Jr. 


EVANS, DAVID WILL, Chicago, Ill. 
25.) Refers to F. G. Gordon, W. C. 
ington, G. W. Pickels, C. C. Wiley. 


FAGAN, DURWARD EDWARD, Doniphan, 


(Age 
Hunt- 


Mo. (Age 23.) Refers to C. H. S. Bards- 
ley, J. B. Butler, HE. W. Carlton BH. G. 
Harris. 


FEDERMAN, BENJAMIN SAMUEL, New 
York City. ((Age 20.) Refers to BH. G. 
Hooper, C. T. Schwarze, D. S. Trowbridge. 


FINKELSTEIN, JUDAH SOLOMON, Brook- 


lyn, N. Y. fase 22.) Refers to R. H. Good- 
win, F. O. X,. McLoughlin, J. S. Peck, J. C. 
Rathbun. 


FISCHER, MERLE EDWARD, Sacramento, 
Cal. (Age 28.) Refers to L. B. Reynolds, 
J. B. Wells. 


FISHER, HERMAN ELDRIDGE, Norris, 
Tenn. (Age 25.) Refers to J. G. Allen, 
J. A. Anderson, J. L. Dillard. 


FISK, CHESTER CLARK, Berkeley, 
(Age 34.) Asst. City Engr. Refers to C. 
Derleth, Jr., J. N. Edy, B. A. eetee ede 
H, Goodridge, ‘H. F. Gray, LCG: 


FLATTERY, TIMOTHY hee kant! Sal 
ville, Ill. (Age 24.) Refers to H. Cross, 
J. J. Doland, W. C. Huntington, F. W. 
Stubbs, Jr. 


Cal. 


FLORA, WALTER WILSON, (Cheyenne, 
Wyo. (Age 21.) Draftsman, Wyoming 
State Bridge Dept. Refers to R. D: Good- 
rich, H. T. Person. 
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FLORENCE, ALEXANDER FREDERICK, 
Maplewood, N. J. (Age 22.) _ Refers to 
H. N. Cummings, W. S. LaLonde, Jr. 
FOLTZ, FRANKLIN  J., Phoenix, 
(Age 22.) Refers to E. S. Boreduye! F.&. 
Kelton, C. Myers, J. C. Park 
FONTANELLA, FREDERICK, Hawthorne, 
N. J. (Age 23.) Refers to H. N (Cummings, 
W. S. LaLonde, Jr. 


Ariz. | 


FRIERSON, ROBERT EDWARD, Knox- — 


ville, Tenn, (Age 32.) Associate Civ. Engr., 
Tennessee Valley Authority. Refers to C. 
S. Sample, N. H. Sayford, C. M. Spofford, 
D. C. Wamsley, H. A. Wiersema, Sols 


Wonson. 
FURLONG, WRAY CLIFFORD, Ames, 
Iowa. -(Age 25.) Refers to J. S. Dodds, — 


A. H. Fuller, L. O. Stewart. 


GANNETT, JOSEPH K, New York City. 
(Age 48.)  Vice-Pres. and Eastern Dist. 
Mgr, The Austin Co., ‘Cleveland, Ohio. Re- 
fers to W. T. Dorrance, G. L. Dresser, J. E. 
Ferguson, R. W. Knight, P. W. Kniskern, 
H. F. Miter, HE. W. Renz, C. J. Tilden. 


GENTRY, DONALD GEORGE, Manhattan, 


Kans, (Age 21.) Refers to op E. Conrad, 
F. F. Frazier, M. W. Furr, C. H. Scholer, 
L. V. White. 


GILDEA,. ALBERT PATRICK, Vicksburg, 
Miss. (Age 25.) Gauge Reader, U. S. 
Waterways Experiment Station. Refers to 
B. A. HEtcheverry, S. T. Harding, M. P. 
O’Brien. 

GLEESON, WILLIAM PAUL, New York City. 
(Age 26.) Refers to J. J. Costa, A. V. 
Sheridan. 


GODLEY, ASHTON LITTLE, Wallingford, 
a (Age 28.) Refers to WwW. E.R. Irwin, 
. A. Yancey. 

wmivur JOSEPH THEODORE, New York 
City. (Age 20.) Refers to A. Beyer, 
R. B. Goodwin, J. 'C. Rathbun. 

GOLLY, MILLIS RAY, Peoria, Ill. (Age 
23.) Refers to G. M. Fair, A. Haertlein. 


GOULD, MAURICE, Brooklyn, N. Y. (Age 
28.) Draftsman, Dept. of Public Works, 
Borough of Manhattan. Refers to F. E. 
Foss, G. Morrison, M. H. Van Buren, J. P. 
J. Williams. 


GRADY, JAMES ARTHUR, Richmond, Va. 


(Age 25.) Constr. Engr., im. I. duPont de 
Nemours & Co. Refers to J. L. Newcomb, 
P. A. Rice. 


GRAHAM, TOM SMITH, Lufkin, Tex. (Age 
22.) Draftsman, Texas State ge, ee Dept. 
Refers to J. F. Brooks, N. E. Wolford. 


GRAPES, FRANK EDWARD, New York 
City. (Age 24.) Refers to B. A. Bakhme- 
teff, A. H. Beyer, D. M. Burmister, hey K. 
Finch, W. J. Krefeld, C. R. Wyckoff. 


GRAY, GARLAND LEE, Boulder City, ‘Nev. 

(Age : Rodman, . S. Reclamation 
Service. Refers to B. P. Fleming, H. L 
Thompson. 


GREEN, GROVER, Gainesville, Ree 
22.) Refers to O. V. Adams, F. L 
J. H. Murdough, G. W. Parkhill. 


GREENE, ROBERTS WESTERVELT, 
Schenectady, N. Y. (Age 22.) Refers to 
R. W. Abbett, R. A. Hall, A. deH. Hoad- 
ley, W. C. Taylor. 


GREENLAW, ARNOLD obs ver 
nite Cal. (Age 22.) Refers to J. 
, C. A. Mockmore. 

aenwatee: NOAH, Brooklyn, N. Y. 
23.) Refers to H. 
Squire. 

GRIFFIN, DONALD FRANCIS, Fresno, Cal. 
(Age 23.) rece i “ps J. ee Diehl, TBS 

eynolds, B. omas 5 WwW 
H. A, Williams. ‘ pire 


(Age 
. McRee, 


Palo 


Age 
Hammond, En Ny 


. Grif-— 


RS 


7 
* 
= | 
| 
q 
; 
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ee GRIMM, ROBERT COOK, Bast Orange 
N. J. (Age 21.)> Refers to HN. ings, 
W. 8. LaLonde, Jr. iy ag 
GROSS, MILTON HENRY, New York City 
(Age 20.) Refers to R. EH. Goodwin, F. O. 
X. ‘McLoughlin. So eae 
HACKNEY, JOHN WILLIAM, Ingram, Pa. 
ae eel fs Gah a J. vas, YM. 
ceCullough, E. P. Schuleen, C. B. 7 
H. A. Thomas. Pianos 
HAGUE, JOHN MAXFIELD, Bloomfield, 
N. J. (Age 21.) Refers to C. T. Bishop, 
J. C. Tracy. 
HALBROOK, T A, Stillwater, Okla. Age 
21.) Refers to J. HK. Kirkham, B, R. ania 
HAMILTON, ROBERT FOSS, Pocatello, 
Idaho. (Age 47.) City Engr. Refers to 
L. W._Althof, J. P. Congdon, I. C. Craw- 


ford, J, A. Murphy, C. H. Painter, F. H. 
Pickett, J. H. Smith. 

HARBER, WILLIAM GLOVER, Albany, 
Ore. (Age 21.) Refers to J. R. Griffith, 
Cc. A. Mockmore. 

HARGRAVE, WILLIAM PERCY, Sacra- 
mento, Cal. (Age 36.) Office Engr., South- 
ern Pacific Co. Refers to C. M. Colvin, 
G. W. Corrigan, J. Gallagher,, F. D. Tal- 


pot WwW. Ft. BY ewalson,, “Re: 
Wing. 

HARPER, .WALTER ALLEN, Sulphur 
Springs, Tex. (Age 24.) Refers to BE. GC. H. 
Bantel, P. M. Ferguson, S. P. Finch, J. A. 
Focht. 

HARRISON, EDWARD NORMAN, Norris, 
Tenn. (Age 27.) Inspector of ‘Constr., 
Norris Dam, Tennessee Valley Authority. 
Refers to H. F. Anthony, J. C. Balcomb, 
BE. A. Rudulph, F. W. Springer, W. 
Swift. 

HARVEY, THOMAS ASCOUGH, Philadel- 
phia, Pa. (Age 22.) Refers to H. L. Bow- 
_ man, S. J. Leonard. . 

HAWKINS, HAROLD VERN, Selleck, 
Wash. (Age 22.) Refers to I. L. Collier, 
Cc. C. More, R. G. Tyler. 


HAZEN, RICHARD, Dobbs Ferry, N. Y. 
(Age 23.) With Eng. Dept., New York 
Office, West Virginia Pulp & Paper Co. 
Refers to A. H. Beyer, J. K. Finch. 
HEDIN, WILLIAM NELS, Seattle, Wash. 
(Age 22.) Refers to I. L. Collier, 'C. W. 
Harris, C. C. More, R. G. Tyler. 


HENDERSON, RUSSELL STEWART; 
Washington, D. C. (Age 37.) Engr., Na- 
tional Capital Parks, Hastern Branch. Re- 
fers to H. O. Fraad, O. B. French, J. R. 
Lapham, H. M. Loy, J. L. Nagle, F. T. 
Norcross. 

HERMIDA, THOMAS JOSEPH. Guttenberg, 
N. J, (Age 29.) Project ‘Supervisor, Hud- 
son County, N. J. (C.W.A. work). Refers 
to’ R. L. Barbehenn, H. R._ Gabriel, are 
Lavis, C. H. Splitstone, O. C. Whitman, 
HERRING, VERNON MAURICE, Baltimore, 
Md. (Age 28.) Refers to J. H. Gregory, 
J. T. Thompson. 

HERSH, MARVIN, Milwaukee, Wis. 
26.) Engr. and Supt. of Constr., 
Constr. Go. Refers to F. L. Bell, 
Van Hagan. 
HESSELMEYER, HARRY 
Palo Alto, Cal. (Age 22.) 
Coast and Goedetic Survey. Refers to ER. 
L. Grant, L. B. Reynolds, F. P. Ulrich. 


HICKS, JAMES ALLAN, Charleston, Ss. C. 


Turner, R. 


(Age 
Hersh 
Lie es 


LEONARD, 
Observer, U. S. 


(Age 28.) Chf. of Party with Dist. Engr., 
; & %. Boer, Office. Refers to ‘C. C. Babb, 
B. L. Clarke, H. BE. Glenn, H. EH. Howes. 


HILTNER, WALTER FREDERICK, Seattle, 
Wash. (Age 21.) Refers to I. L. Collier, 
C. W. Harris, G. E. Hawthorn, c. C. May, 
Cc. C. More, R. G. Tyler. 
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HILTZ, JOHN PHILIP, Jr., Baltimore, Md. 

(Age 22.) Refers to FB. Evans, F. M. 
McCullough, J. T. Moore, G. S. Richard- 
son, N. Schein, H. A. Thomas. 


HOGE, GEORGE JAMES, Casper, Wyo. 
ee -21;) Refers to R. D. Goodrich, HT: 


HOLMAN, EDWIN ASA, East Orange, N. J 
(Age 21.)’ Refers to H. N. ings, W. 8. 
taloads in Cummings, W. S. 


HOLMES, CHARLES TROY, Ft. 
Tex. (Aged 34.) Res. Hngr., Texas State 
Highway Dept. Refers to J. C. ‘Carpenter, 
F. ®. Lovett, BE. N. Noyes, E. E. Pittman, 
M. C. Welborn, G. G. Wickline. 


HOLMES, WILLIAM WORTH, Shamrock, 


Tex. (Age 21.) Refers to J. T. L. MeNew, 
J. J. Richey. ag 


HUBACH, KENNETH GEORGE, Irvington, 
N. J. (Age 21.) Refers to H. N. Cum- 
mings, W. S. LaLonde, Jr. 


HUNTING, ALDEN DINSMORE, Redwood 
City, Cal. (Age 29.) Associate Constr. 
Hngr., California Div of Highways. Refers 
to C, E. Andrew, J. S. Bates, O. R. Bosso, 
F, W. Panhorst, D. R. Warren. 


JACKSON, LEROY HAYINE, Springfield, 
Mo. (Age 20.) Asst. Engr. with M. B. 
Skaggs, Miney, Mo. Refers to C. BH. S. 
Bardsley, H. C. Beckman, J. B. Butler, EB. 
W. Carlton, W. J. Gray, E.G. Harris, C. 
V. Mann. 


JERVIS, WILLIAM HORACE, Vicksburg, 
Mass. (Age 26.) ‘Chf., Soils Sec., Vicks- 
burg Engr. Dist. Refers to W_ .M. Borg- 
wardt, F. G. Christian, W. E. Elam, T. B. 
Larkin, R. H. Suttie. 


JEWELL, HENRY HOLMES, St. Paul, 
Minn. (Age 45.) Chf, Engr. Examiner for 
State Engr., P.W.A.. Refers to W. N. Carey, 
J. A, Childs, A. L. Mullergren, L. H. Sault, 
G. M. Shepard, R. D. Thomas. 


JOHNSON, BAZLEY WILLIAMS, James- 
town, N. Y. (Age 25.)_ Engr., C.W.A., and 
Chf. Engr., T.E.R.A. Works Div. Refers 
to L. M. Gram, W. C. Sadler, J. S. Worley. 


JOHNSON, SAMUEL YORKS, Pasadena, 
Cal. (Age 23.) Refers to F. J. 'Converse, 
R. R. Martel, W. W. Michael, F. Thomas. 


JOHNSON, THEODORE RANGNOR, Brook- 
lyn, N. Y. (Age 28.) Refers to H. R. Bou- 
ton, M. F. Freund. 


JONES, WILLIAM PENN, Buffalo, N. 


Worth, 


rE 


(Age 23.) Jun. HEngr., National Aniline & 
Chemical Co. Refers to A. H. Holt, R. B. 
Kittredge, B. J. Lambert, F. T. Mavis, 


B®. L. Waterman, C. C. Williams. 


JONSSON, ALEX CARL, Los Angeles, Cal. 
(Age 30.) With Metropolitan Water Dist. 
of Southern California. Refers to G. HE. 
Baker, J. B.._ Bond, R. B. Diemer, B. A. 
Wddy, B. A. Etcheverry, F. S. Foote, H. G. 
Matthews. 

JORDAN, ABRAHAM, Newark, N. J. (Age 
25.) Refers to F. HE. Foss, G. Morrison, M. 
H. Van Buren. 


JOROFF, SAMUEL, Brooklyn, N, Y._ (Age 
20.) Refers to J. B. Babcock, 3d, W. M. 
Fife, W. C. Voss. 


KARATHANASIS, NICHOLAS, New York 
City. (Age 25.) Chf. of Party and Topo- 
graphical Draftsman, Dept. of Markets, 
Weights and Measures, City_of New York. 
Refers to F. H. Foss, J. P. J. Williams. 
KEITH, WARREN GRAY, Marshall, Minn. 
(Age 25.) With Lat County Highway 
Dept. Refers to A. H, Fuller, W. H, Galili- 
an, P. Lawlor, R. A. Moyer, Bia: 
tewart, 
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KELLER, JOHN HARRINGTON, Terre 
Haute, Ind. (Age 21.) Refers to R. 
Hutchins, R. L. McCormick. 

KENNEDY, ROBERT EMORY, West New 
Brighton, N. Y. (Age 23.) Refers to R. W. 
Abbett, W. C. Taylor. 

KENSLEY, PHILLIP RAY, Maltby, Wash. 
(Age 22.) Refers to I. L, Collier, G. EH. 
Hawthorn, C, C. More, R. G. Tyler. 


KERN, ALBERT GEORGE, Jr., Knoxville, 
Tenn. (Age 22.) Refers to H. K. Barrows, 
J. B. Wilbur. 


KERSTEN, MILES STOKES, Minneapolis, 


Minn. {ase 21.) Refers to F. Bass, A. 
Cutler, O. M. Leland, L. G. Straub, W. H. 
Wheeler. 


KETTLE, JOSEPH EUGENE, Chicago, Ill. 
(Age 26.) Refers to H. Cross, J. J. Doland. 


KIELB, JOSEPH WALTER, Irvington, N. J. 
Grau Refers to A. Gardner, D. M. 


KINGSBURY, HAROLD NELSON, Mil- 
waukee, Wis. (Age 22.) Refers to H, H. 
Babbitt, J. S. ‘Crandell, J. J. Doland, W. C. 
Huntington, W. A. Oliver, T. C. Shedd, 
Cc. C. Wiley. 


KLATZKO, WILLIAM, Brooklyn, N. Y. (Age 
25.) Refers to W. G. Closson, R. E. Good- 
win, A. J. Griffin, F. O. X. McLoughlin, 
J. C. Riedel. 

KOLETTY, JOHN WILLIAM, Amenia, N. Y. 
(Age 21.) Refers to R. P. Black, F. C. Snow. 

KOSH, DAVID, Brooklyn, N. Y. (Age 21.) 
Computer, U. S. Coast and Geodetie Survey. 
Refers to A. H. Beyer, J. K. Finch, A. G. 
Hayden, W. J. Krefeld, C. R. Wyckoff. 

KRISTAL, ELIHU, Brooklyn, N. Y. (Age 
22.) Refers to H. R. Codwise, H. P. Ham- 
mond, L. F. Rader, H. J. Squire. 

LAMBERT, WILLIAM BRAUND, Webster 
Groves; Mo. (Age 22.) Refers to R. B. 
Brooks, H. BH. Frech, C. B. Galt, C. W. S. 
Sammelman, E. O. Sweetser, J. L. Van 
Ornum. 

LARKIN, FRANKLIN JONATHAN, 

Refers to 


Beth- 
ce tapi IE 
M. O. 


LAWTON, WARREN LEIGH, Washington, 
D. GC. (Age 23.) Refers to O, B. French, 
Cc. A. Hogentogler, J. R. Lapham. 


LEIFERMANN KENNETH RAYMOND, 
Peoria, Ill. (Age 23.) Refers to J. S. 
Crandell, H. Cross, J. J. Doland, W. C. 
Huntington, C. C. Wiley. 


LENNEN, WILLIAM ELLIOTT, Indio, 
‘Cal. (Age 27.) Res. Engr. and Inspector 
on tunnel construction, Metropolitan Water 
Dist. of Southern California. Refers to W. 
R. Armstrong, G. E. Baker, J. B. Bond, 
R. B. Diemer, B. A. Eddy, H. Jones, H. G. 
Matthews, N. B. Smith. 


LEVINE, JACOB, Brooklyn, N. Y. 
Refers to R. B, Goodwin, F. 
Loughlin, J. S. Peck, H. 

' Rathbun. 


LEY, ROGER DELMORE, Brooklyn, N. 
een 20.) Refers to E. G. Hooper, 
aville, 


LOWEY, LESLIE LAWRENCE, East Elm- 
hurst, N. Y. (Age 22.) Draftsman, Statis- 
ticilan and Account ‘Executive, Market Re- 
search Corporation of America, New York 
a F Refers to H. I. Cohen, F. EB. Foss, 
G. Morrison, J. 'C. Riedel, M. H. Van Buren, 
BE. J. Vayda, J. P. J. Williams. 


LUETZELSCHWAB, EDGAR JOHN JACOB 
Millstadt, Ill. (Age 22.) Refers to BE. B 
Bauer, H. Cross, J. J. Doland, W. C. Hunt- 
ington, W. A. Oliver, T. C. Shedd, F. W. 
Stubbs, Jr. 


(Age 22. 
r a Me. 
J. Plock, J. C. 


¥. 
Bs 
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McALLISTER, JAMES SAMUEL, Gresham, — 
Ore. (Age 27.) Refers to J. R. Griffith, 
G. W. Holeomb, C. A. Mockmore. al 


McCLURE, FREDERICK FENTON, Elyria, 
Ohio. (Age 23.) Refers to E. R. Cary, 
T, R, Lawson. 


McGRATH, THOMAS EDWARD JOSEPH, 
Philadelphia, Pa. (Age 22.) Refers to H. | 
L. Bowman, §. J. Leonard. 5 


McKNIGHT, JAMES WATSON, Pittsburgh, 
Pa. (Age 25.) Jun. Constr. Inspector, 
Pennsylvania State Highway Dept., Dist. © 


No. 11. Refers to A. Diefendorf, L. C. — 
McCandliss. ‘ 
MANLEY, PIERCE, \ Chicago, Ill. (Age — 


23.) Refers to N. D. Morgan, 'C. BE. Palmer. 


MARTIN, HUGER FRED, Dallas, Tex. 

(Age 22.) Refers to F. N. Baldwin, J. N. 
Edy, J. D. Fowler, L. EH. Grinter, O. H. 
Koch, J. T. L. McNew, J. J. Richey. 


MASLAN, LEON, Kansas City, Mo. 
21.) Refers to J. 
ington. 


MASON, DRAPER COOLIDGE, Portland, 
Ore. (Age 21.) Refers to J. R. Griffith, 
Cc. A. Mockmore. 


MASON, JOHN RUSSELL, 
N. Y. (Age 44.) 
ing & Constr. 


(Age 
J. Doland, W. C. Hunt- aM 


Tonawanda, 

Engr., Northeastern Pip- 
Corporation, North Tona- 
wanda, N. Y. Refers to F. M. Gunby, J. T. 
Kiernan, C. B. Lindholm, J. W. Miller, 
J. H. Miner, H. Nawn. 


MAYNARD, FRED JOSEPH, Washington, 
D. C. (Age 22.) Refers to F. A. Barnes, 
J. EH. Perry, C. L. Walker. 

MERRILL, JOHN CAMMETT, Old Benning- 
ton, Vt (Age 24.) Refers to C. S. Farnham, 
J. C. Tracy. 


MERRYFIELD,.FRED, Corvallis, Ore. . (Age © 
34.) Asst. Prof. of Civ. Eng., Oregon State 


etn pane 


Coll. Refers to J. W. ‘Cunningham, D. C. 
Henny, R. BH. Koon, C. A. Mockmore, B. §. 
Morrow, H. S. Rogers, T. Saville, J. C. 
Stevens. 

MEYERS, LOREL WILLIAM, Berkeley, 
Cal. (Age 24.) Refers to S. T. Harding, 
G. E. Troxell. 

MILLER, HERBERT WILFRED, San 


Francisco, Cal. (Age 30.) Draftsman and 
Designer, ‘Dist. IV, Div. of Highways. Re- 
fers to N. A. Grover, N. C. Raab. 


MILNER, WALKER WILSON, Ft. Humph- 
reys, Va. (Age 26.) With U. S. Dist: Engr. 
Refers to H. J. M. Baker, A. H. Holt, B. J. 
Lambert, F. T. Mavis, A. W. Sargent, C. C. 
Williams, S. M. Woodward. 


FEDERICO, 
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MOONEY, ' EARL ELLSWORTH. Lyni, 
Mass. (Age 22.) Refers to H. P. Burden, 
G. M. Fair, A. Haertlein, F. N. Weaver. 


MOORE, WILLIAM WALLACE, Pasadena, 


Cal. (Age 22.) Refers to R. R. Martel, 
F. Thomas. y 
MORRIS, BROOKS THERON. Pasadena, 
Cal. (Age 21.) Refers to . Grant, 


‘S. B. Morris, L. B. Reynolds, bs Wells. 


MOURSUND, ANDREW FLEMING, San 
Angelo, Tex. (Age 59.) Div. Engr., Texas 
State Highway Dept. Refers to B. P. Arne- 
son, G._G. Edwards, J. A. Focht, G. Gil- 
christ, H. R. F. Helland, J. T. L. M 


cNew. 
H. C. Porter, D. B. P i 
oe Ge roper, H. P. Stock: 


Nau 


NAUGHTEN, MALACHY JOSEPH, Brook- 
lyn, N. Y. (Age 40.) Constr. HEngr., Pat- 
rick McGovern, Ine., New York City. Re- 
fers to H. R. Bouton, C. G. Hoerner, Jr., 
B. Hunter, J. S. MacDonald, J. 
Rooney. 


NAUMAN, ARTHUR CHARLES, Chicago, 
Til. (Age 24.) Refers to J. J. Doland, 
T. C. Shedd. 


NEIL, PATRIC WILSON, Planview, Tex. 
(Age 20.) Refers to E. C. H. Bantel, P. M. 
Ferguson, J. A. Focht. 


NEW, WILLIAM, Waynesville, N. C. (Age 
22.) Rodman, S. Coast and Geodetic 
Survey. Refers to H. C. Bird, C. L. Mann. 


NEWMARK, NATHAN MORTIMORE, 
Champaign, Ill. (Age 23.) _ Refers to H. 
Cross, . L. Enger, W. C. Huntington, 
F,. BH. Richart, H. M. Westergaard, A 
Wilson. 

NEWTON, NORTH HENKLE, Urbana, 
Ohio. (Age 22.) Refers to G. H. Elbin, 
A. R. Webb. 


NOLLIE, KENNETH JOHN, Trail, B. C., 
Canada. wel 25.) Refers to I. C. Craw- 
ford, J. W. Howard. 


NUTLEY, VAN EATON, Yakima, Wash. 
(Aze 23.) Refers to I. L. Collier, G. E. 
j wthorn, C. C. More, R. G. Tyler. 
OWEN, PAUL HASKINS, Jr., Shaker 
Heights, Ohio. (Age 21.) Refers to G. H. 
Barnes, W. lL. Havens, W. L. Leach, F. L. 
Plummer, W. E. Rice. 
PAGELS, GEORGE, Jr., Chicago, 
22.) Refers to H. BH. Babbitt, J. 
W. C. Huntington, G. W. Pickels, 
Shedd, C. C. Wiley. 


PARRBISH, KARL CALVIN, Jr., New York 


Ill. (Age 
J. Doland, 
PEC. 


City. (Age 22.) Refers to C. T. Bishop, 
Bd. Cc. Tracy. 
PATTERSON, DONALD MacKELVY, EIl- 


mira, N. Y. (Age 26.) Jun. Engr., Bureau 
of Eng. Refers to L.°D. Brownell, D. M. 
Griffith, M: W. Wipfler. 


PATTERSON, EVERETT GATES, Peabody, 


Mass. (Age 21.) Refers to H. P. Burden, 
F. N. Weaver. 

PECK RALPH BRAZELTON Denver, 
Golo.” (Age 22.) Refers to L. W. Clark, 


T, R. Lawson. 


PEERY, DAVID JUNIOR, Linneus, Mo. 
(Age 20.) Refers to C. E. S. Bardsley, J. B. 
Butler, B. W. Carlton, BH. G. Harris. 


PEYSER, MEYER EDWARD, Seattle, 


sh. (Age 21.) Refers to I. L. Collier, 
wow Hires, mu B®. Hawthorn, C. C. More, 
R. G. Tyler. 


PHILLIPS, RICHARD DOUGLAS, Portland, 
Ore. (Age 380.) Senior Draftsman, on Bet 
Engr. Office. Refers to G. H. Canfield, H. G. 
Gerdes, L. Griswold, P. L. Heslop, G. 
Hitchings, H. A. Rands. 

CKETT, GEORGE HENRY, Pasadena, 
Taal (Age 23.) Refers to R. R. Martel, 
W. W. Michael, F. Thomas. 


PICKRON, FELIX CORLEY, Damascus, 
Ga. (Age 22.) Refers to R. Pp. Black, F. C. 
Snow. 

PIERCE, ALTON LOUIS, Duluth, Minn. 
Age 27.) _ Draftsman, St. Louis County 
tighway Dept. Refers_to ¥. Bass, A. S. 

Cutler, R. M. Palmer, J. I. Parcel, S. B. 

Shepard, R. C. Vogt, J. Wilson. 


PIPER, JAMES DICKINSON, Enid, Okla. 
Age 22.) Refers to J. E. Kirkham, BH. R. 


cone ldwell 
POLLABA, RALPH EDWARD, Caldwell, 
N. J. (Age 21.) Refers to H. N. Cum- 


mings, W. 8. LaLonde, Jr. 
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PORTER, ARZA FRANCIS, Covina, Cal. 
(Age 24.) Refers to R. R. Martel, F. 
Thomas. 


POTTER, SEYMOUR AUSTIN, Jr., Newark, 
N. J. (Age 26.) Rodman, Hrie R. R. Co. 
Refers to A. J. Boase, C. H. Splitstone. 


PRICE, TREVOR ALARIC PRYCE, Can- 
dia, N. H. (Age 20.) Refers to H. W. 
Bowler, R. R. Skelton. 


QUARTLY, ERIC VERNON ASHTON, San 
Diego, Cal. (Age 27.) Jun. partner, Allen 
- Ss hae gah Engrs. Refers to 

od. en, L. D. Gifford, E. A. Ingham, 
R. R. Rowe, H. A. Stone. ae 


QUAYLE, LLOYD ROBERT, Topeka, Kans. 
(Age 31.) Engr., A. M. Pullen & Co. Re- 
fers to C. A. Case, J. R. Fordyce, C. Older, 
H. W. Richardson, U. F. Turpin. 


RABBITT, EDWARD FISHER, Toledo, 
Ohio. (Age 29.) Field Engr., Great Lakes 
Dredge & Dock Co. Refers to J. H. ‘Cahill, 
A. Gardner, P. D. Miller, C. L. Piper, G. N. 
Schoonmaker. 


RAHMAN, HAFIZ ABDURB, Punjab, India. 

(Age 23.) Refers to G. D. Clyde, O. W. 
Israelsen, H. R. Kepner, R. R. Lyman, R. 
B. West, L. M. Winsor. 


REDMOND, HARRIS CLAY, Spokane, Wash. 
(Age 21.) Refers to H. EH. Phelps, M. K 
Snyder, J. G@. Woodburn. 


REID, JAMES HOWARD, Hermiston, Ore. 
(Age 24.) Refers to I. L. Collier, C. W. 
Harris, T. H. Judd, C. C. More, R. G. Tyler. 


REYNOLDS, CHARLES ALBERT, Jr., San 
Antonio, Tex. (Age 24.) Refers to H. C. 
H. Bantel, P. M. Ferguson, J. A. Focht. 


RICE, WILLIAM THOMAS, Hague, _ Va. 
eee 22.) Refers to R. B. H. Begg, F. J. 
ette. 


RIMSAY, JOSEPH JOSLYN, Chicago, Ill. 
(Age 23.) Refers to J. G. Bennett, T. L. 
Condron, L. H. Corning, A. J. Hammond, 
G. B. Massey. 


RIORDAN, JOHN ROBERT, New York 
City. (Age 22.) Refers to J. J. Costa, 
L. J. Bhrhart. 


RIPKEN, JOHN FREDERICK, Minneapolis, 


Minn. (Age 20.) Refers to F. Bass, A. Ss 
(Cutler, O. M. Leland, L. G. Straub, W. H. 
Wheeler. 


RIVES, ALVA GARD, Walnut Ridge, Ark. 
(Age 30.) Instrumentman, Arkansas State 
Highway Dept. Refers to J. P. Gallager, 
R. C. Gibson, O. L. Hemphill, J. R. Rhyne, 
w. A. Vaught, H. M. Wright, W. W. Zass. 


ROBINSON, WILLIAM ALLAN, Coraopolis, 

Pa. (Age 24.) Refers to M. oO. Fuller, 
C. D. Jensen, I. M. Lyse, H. P. Payrow, 
Cc. H. Sutherland. 


ROOT, ISMAK EARL, Freepo 
30.) Jun. Asst. Engr., Grade 2, Jones Beach 
State Parkway Authority, Babylon, N. es 
Refers to G. I. Larson, R. P. Lent, K. Ww. 
Ross, S. Shapiro, J. J. Weinrib. 


ROSE, EUGENE LEONARD, Warwi 
(Age 21.) Refers to C. D. Billmyer, 
Murray. 


SALEMNICK, DAVID, Brooklyn, 
(Age 22.) Refers to L. FE. Rader, 
Squire. 


SAYRE, RALPH HAROLD, Jdr., Maplewood, 
N. J. (Age 22.) Refers to H. N. Cum- 
mings, W. 8S. Lalonde, Jr. 


SCHAFMAYER, ALBERT JAMES, ‘Chicago, 

Til, (Age 51.) _ Engr. and Head of Eng. 
Dept. of Board of Local Improvements, 
Refers to O. L. Ne  , . Gayton, P. HE. 
Green, J. B. Hittell, G . Lenth. 


rt, N., Yeu (Age 


ck, R.I. 
J. L. 
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SCHAILL, HAROLD ARTHUR, Belmont, 
N. Y. (Age 20.) Refers to A. Diefendorf, 
L. C. McCandliss. 

SCHELL, JOHN FLOYD, Iowa City, Iowa. 
(Age 20.) Refers to R. B. Kittredge, B. J. 
Lambert. 

SCHLUETER, HERBERT EDWARD, New 
York City. (Age 25.) Refers to J. J. Costa, 
A. V. Sheridan. 

SCHMIDT, GORDON DUAINE, Willoughby, 
Ohio. (Age 21.) Refers to G. BH. Barnes, 
¥F, L. Plummer. 


SCHONECK, WILLIAM JOHN, Key West, 


Fla. (Age 41.) _ Asst. Lighthouse Engr. 
Refers to H. B. Bowerman, W. W. Deme- 
ritt, H. B. Haskins, H. D. King, G. B. 
Skinner, 

SCHUEHLE, MARTIN LOUIS, Seattle, 
Wash. (Age 21.) Refers to I. L. Collier, 
Cc. C. More, R. G. Tyler. 

SCOTT, WALTER MARVIN, Mt. Vernon, 
N. Y. (Age 21.) Refers to EH. G. Hooper, 
T. Saville, 'C. T. Schwarze. 

SCROGGIE, EVERETT, Knoxville, Tenn. 


(Age 30.) Asst. Structural Engr., Tennessee 
Valley Authority. Refers to B. A. Batson, 
J. W. Bradner, Jr., HB. R. Cary, HE. Harsch, 
T. R. Lawson, W. EH. Rowe, W. W. Wanna- 
maker, Jr. 


SHAPIRO, 
N.Y. (Ags 21.) 
Refers to F. E. 
Van Buren. 


SHUGART, HAROLD EMERSON, Los An- 
geles, Cal. (Age 40.) Sole Owner, The 
Harold E. Shugart Co., Acoustical Engrs. 
and Contrs. Refers to J. C. W. Austin, 
R. M. Beanfield, BH. A. Burt, J. O. Oltmans, 
F. Thomas. 


JACK ROBERT, Brooklyn, 
Eng. Asst. Dept. of Parks. 
Foss, G. Morrison, M. H. 


SIMPSON, WILLIAM PHILIP, Salina, 
ages tee 23.) Refers to F. F. Frazier, 
. urr. 


SIRONEN, WILLIAM EDWARD, Dumont, 
N. J. (Age 31.) Refers to W. G. Clark, 
Cc. C. Freeborn, Jr., W. McClave, Jr., 
A. Noack, J. L. Wissing. 


SLUDER, DARRELL HAYES, Alhambra, 
Cal. (Age 21.) Refers to R. R. Martel, 
W. W. Michael, F. Thomas. : 


SLUTZKY, ISRAEL, Hunter, N. Y. (Age 
21.) Refers to BH. R. Cary, H. O. Sharp. 


SMALL, ROLAND ROBERT, New York 
City. (Age 21.) Refers to R. E. Goodwin, 
F. O. X. McLoughlin. 


SMELSER, PAUL EDWARD, St. Charles, 
Mo. (Age 22.) Refers to C. BH. S. Bardsley, 
J. B. Butler, E. W. Carlton. 


SMITH, CARNEAL KIRBY, Cleveland, 
Ohio. (Age 26.) Graduate student, Case 
School of Applied Science. Refers to G. E. 
Barnes, F. L. Plummer, W. BE. Rice. 


SMITH, DONALD ELLIOTT, Oswego, N. Y. 
(Age 24.) Refers to J. J. Costa, A. V. 
Sheridan. 


SMITH, JACK EDWARD, Atlantic Cit 
N. J. (Age 20.) Refers to W. H. Garon 
Jr., C. HE. Myers. 


SMITH, LOUIS ALEXANDER, Long Beach, 

Cal. (Age 32) Field Engr., Shell Oil Co. 
Refers to R. W. Henry, G. S. Lane, L. L. 
Mills, C. J. Nobmann, J. C. Wright. 


SNELL, JOHN RAYMOND, Soochow, China. 
(Age 21.) En route to Soochow, China. 
Refers to W. A. Coolidge, F. J. Lewis. 


SNYDER, FRANKLIN FARISON, Washing- 
ae vee (Age Be Jun. Engr., U. gS 
c urvey. efers to W. G. 

C. T. Morris, C. BE. Sherman. bas abe 


' THELIN, CARL 


Tour 


SPAHR, CHARLES EUGENE, Independ- 
ence, Mo. (Age 20.) Refers to HB. H. Coe, 
D. D. Haines, J. O. Jones, W. C. McNown, ~ 
F. A. Russell. 


SPERO, MICHAEL ANTHONY, Newport, 
R. I. (Age 24.) Refers to C. D. Billmyer, 
J. L. Murray. 


STEELE, WILLARD CULLEN, Jr., Los 
Angeles, Cal. (Age 33.) Private Practice, © 
Los Angeles, also City Engr., Bell, ‘Cal. — 
Refers to D. M. Baker, H. A. Barnett, N. — 
Bostwick, O. F. Cooley, H. W. Jewell, 
H. M. Jones, W. W. Michael. q 


STEVENOT, EDWARD WALDO, Santa 
Paula, Cal. (Age 26.) Refers to C. Der- 
leth, Jr., B. A. Etcheverry, F. Foote, . 
8S. T. Harding, C. G. Hyde. 


STEVENS, MALCOEM SEAVEY, Methuen, 
Mass. (Age 21.) Refers to J. B. Babcock, 
3d, C. B. Breed, J. B. Wilbur. 


STEVENS, WILLIAM CONDIT, Brooklyn, 5 
N. Y. (Age 21.) Refers to F. HE. Foss, 
G. Morrison. 


STOLLER, MANDELL DUDLEY, Brooklyn, 
N. Y. (Age 26.) Refers to J. B. Babcock, — 
3d, J. W. Howard. 


STRAUS, HAROLD 
(Age 23.) Refers to H. B. Luther, R. 
Renn. 


STUBLER, ANDREW JAMES, Baltimore, 
Md. (Age 27.) Foreman, Pennsylvania — 
R.R., Newark, N. J. Refers to C. C. Kohl- 
heyer, J. H. O’Brien. , 


SWANSON, FRANK ELMER, Vashon, Wash. — 
(Age 23.) Refers to H. BE. Phelps, M. K. 
Snyder, J. G. Woodburn. 


TABOR, LAWRENCE ROBERT, Birming- © 
ham, Ala. (Age 22.) Refers to C. A. © 
Baughman, J. A. 'C. Callan. 


TEUFEL, GEORGE ILLINGSWORTH, Se- 
attle, Wash. (Age 21.) Refers to IL L. 
pollen, G. E. Hawthorn, C. C. More, R. G. — 

yler. 


aa 


SELIG, Ashland, Ky. 
WwW, 


- 


MILO, Ft. Worth. Tex. 
(Age 383.) Designing Engr., City of Ft. 
Worth, Tex. Refers to J. H.,Brillhart, J. C. 
Carpenter, O. E. Carr, I. G. Hedrick, W. O. 
Jones, F. Kellam, D. L. Lewis. 


THOMAS, CHARLES WELDON, Rodeo, Cal. 
(Age 21.) Refers to F. S. Foote, B. 
Jameyson. 


THOMPSON, FRANKLIN STOLT, Denver, 
Colo. (Age 38.) Gen. Road Supt., Dept. of 
Interior, National Park Service, Estes Park, 
Colo. Refers to H. §. Kerr, B. W. Matte- 
son, H. C. Means, F. H. Richardson, K. C. 
Wright. 


THOMPSON, ROBERT WILLIAM, Jr., 
Philadelphia, Pa. (Age 23.) Refers to H. L. 
Bowman, S. J. Leonard. ’ 


THUM, CHARLES THEODORE, Clifton, 
N. J. (Age 21.) Refers to C. D. Billmyer, — 
J. L. Murray. : 


TONEY, MARTIN, Gloversyille, N. Y. (Age 
21.) Refers to L. W. Clark, T, R. amuea 


TOOLE, ROLAND EMMET, Madison, Wis. 
(Age 41.) Senior Engr., Erosion ‘Control, 
Federal and State projects Wisconsin, 
B.C.W. and C.W.A. Refers to H. oy 
Cipeert F. M. Dawson, C. V. Seastone, 


P - Van Haga : : 
Whitney. gan, C. N. Ward, HE. N. 


TURNEY, JOHN GARRETT, Wharton 

(Age 27.) County Engr., Wharton County 
Refers to G. H. Gilchrist, BE. N, Gustafson, 
Sm McNew, J. M. Nagle, W. A. Orto- 
lani, J. J. Richey, A. P. Rollins dy 
Warden, M. EB. Worrell. oe 


B. 


Seep Oe tm i aah 
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_ WAGNER, WARREN ORVAL, 


Tur 


TUTTLE, LAUREN PRESTON, Blairstown, 

N. J. (Age 27.) Refers to C. B. S. Bards- 
ley, H. C. Beckman, J. B. Butler, E. W. 
Carlton, C. §. Gleim, A. H. Morrill. 


UITTI, WILLIAM LEOPOLD, Chicago, Il. 
(Age 26.) 1st Lieut., Engr. Reserve Corps, 
U. 8S. Army, Illinois Reserve Dist., Chicago. 
Refers to R. H. Burke, H. B. Pettit, W. C. 
Polkinghorne, G. S. Smith, G. I. Uitti. 


VAN METER, WARREN CONRAD, Marion, 

Ark. (Age 26.) Surveyman, U. S. Engr. 
Office, Second Field Area, Memphis Engr. 
Dist. Refers to H. Kramer, F. I. Louckes, 
J. W. Pumphrey, W. R. Spencer. 


VERNON, KENNETH FRAINE, Berkeley, 
Cal. (Age 28,) Senior Eng. Field Aid, 
California State Dept. of Public Works, Div. 
of Highways. Refers to C. Derleth, Jr., 
B. A. Etcheverry, S. T. Harding, C. G. Hyde. 


VIERTEL, GEORGE JOSEPH, New York 


City. (Age 22.) Refers to A. Haring, T. 
Saville. 

von ROSENBERG, ERNEST JACOB, Aus- 
tin, Tex. (Age 45.) Tech. Asst., Texas 
Reclamation Dept. Refers to HB. : ‘ 
Bantel, L. M. Chokla, A. G. ‘Classen, T. C. 
Forrest, Jr., E. L. Myers, J. A. Norris, 
B®. N. Noyes, R. D. Parker, W. J. Powell, 
A. A. Stiles, R. W. Stiles, A. M. Vance, 


B. F. Williams. 
von ROSENBERG,, HERMANN URSINI 
Austin, Tex. (Age 38.) Tech. Asst., Texas 
Reclamation Dept. Refers to RG ee. 
Bantel, A. G. Classen, C. BH. Ellsworth, 
C. ‘Forrest; Jr., A. IT. Granger, M.-P. 
von Homeyer, ©. L. Myers, M. C. Nichols, 
J. A. Norris, W. J. Powell, J. W. Pritchett, 
A. A. Stiles, A. M. Vance, B. F. Williams. 


Spokane, 
Wash. (Age 23.) Refers to H. H. Phelps, 
M. K. Snyder, J. G. Woodburn. 


WAIDELICH, JAMES RICHARD, Philadel- 
phia, Pa. (Age 22.) Refers to H. L. Bow- 
man, S. J. Leonard. 


WALDRON, HEBER GRAFENSTEIN, 
Valley City, N. Dak. (Age 28.) With 
North Dakota State Highway Dept. Refers 
to O. M. Leland, W. E. Smith. 


WALKER, CHARLES RICE, Knoxville, 
Tenn. (Age 24.) Refers to J. G. Allen, 
N. W. Dougherty. 


WALLACE, WAYNE PAUL, New Orleans, 
La. (Age 21.) Refers to D. Derickson, 
W. B. Gregory. 


WARD, PAUL ALBAN, Newark, N. J. 
22.) Refers to H. N. Cummings, 
Lalonde, Jr. 


(Age 
We tS. 


AUSTIN, WILLIAM MILNES, Assoc. M., 
Luray, Va. (Elected April 19, 1920.) (Age 
47.) Highway Engr., U. S. Bureau of Pub- 
lic Roads, Dept. of Agriculture. Refers to 
H. K. Bishop, F. A. Kittredge, B. W. Matte- 
son, C. C. Morris, C. H. Sweetser, O. G. 
Taylor, M. D. Williams. 


BRYANT, HARLAN MOORE, Assoc. M., 
_ Milton, . H. (Blected March 15, 1926.) 

(Age 39.) Engr., I. W. Jones & Co. Refers 
‘to W. M. Bassett, E. W. Bowler, G. W. 
Case, B. A. Dow, G. S..Hewins, C. D. Marsh, 
¥. H. Mason, R. R. Skelton. 
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WEISS, GRANT JEROME, Hollywood, Cal. 

(Age 23.) Engr. Standard Oil Co. of (Cali- 
fornia, Los Angeles, Cal. Refers to R. H. 
Davis, C. Derleth, Jr., B. A. Etcheverry, 
S. T. Harding, C. G. Hyde, F. C. Scobey. 


WELTON, KENNETH EARL, Waukegan, 
Ill. (Age 22.) Refers to J. J. Doland, 
¥. ‘W. Stubbs, Jr. 


WETZEL, JOHN ~HENRY, 
Pa. (Age 23.) Asst. Surveyor, Bureau of 
Refuges and Lands, Pennsylvania State 
Game Comm., Harrisburg, Pa. Refers to 
H. R. Cary, W. W. Rousseau, H. O. Sharp. 


WHITH, JOHN DALE, LaFayette, Ill. (Age 
23.) Refers.to J. S. Crandell, J. J. Doland, 
W. ‘C. Huntington, G. W. Pickels, T. C. 
Shedd, F. W. Stubbs, Jr., C. C. Wiley. 


WIER, ROBERT JOHN, Kansas City, Mo. 
(age 21.) Refers to A. L. Hyde, H. K. 
ubey. 


WILEY, JOHN SAFFORD, West Lafayette, 

Ind. (Age 22.) Refers to W. K. Hatt, 
W. J. Henderson, §. C. Hollister, W HB. 
Howland, W. A. Knapp, G. EH. Lommel, 
A. P. Poorman. 


WILSON, RUDYARD OLIVER, Treadwell, 
N. Y.. (Age 20.) Refers to C. T. Bishop, 
J. C. Tracy. 


WITTENBORN, EUGENE LOUIS, Jr., Chi- 
cago, Ill. (Age 23.) Refers to H. HE. Bab- 
bitt, J. J. Doland, W. D. Gerber, W. C. 
Huntington, G. W. Pickels, T. C. Shedd. 


WOLFF, HERBERT ALBERT, Wilmette, 
Ill. (Age 22.) Substation Operator, Public 
Service Co. of Northern Illinois. Refers to 
J. G. Bennett, B. H, Platt. 


WOLTERS, MONROE ROLLIE. Austin, 

Tex. (Age 23.) With Humble Oil & Refin- 
ing Co., Gladewater, Texas. Refers to H. C. H. 
Bantel, S. P. Finch, J. A. Focht. 


WOODWARD, AUSTIN CLAIR, Kensington, 
Ohio. (Age 22.) Refers to C. T. Morris, 
C. HE. Sherman. 


YOUNG, CAMPBELL AUSTIN, Kansas City, 
Mo. (Age 48.) With Sheffield Steel 'Corpo- 
ration. Refers to F. EH. Brown, A. P. Clark, 
Cc. G. French, A. E. Lindau, A. P. Skaer, 
W. S. Thomson, F. J, Trelease. 


YOUNG, MALCOLM, Jr., Santa Barbara, 
Cal. (Age 22.) Apprentice Engr., Mainte- 
nance of Way & Structures, Pennsylvania 
R.R. Refers to C. T. Bishop, C. S. Farn- 


III, Sunbury, 


ham, P. G. Laurson, R. H. Suttie, J. C. 
Tracy. 

YOUNG, THEODORE JULIUS, Irvington, 
N. J. (Age 24.) Refers to H. N. ‘Cum- 
mings, W. S. Lalonde, Jr. 

YOUNG, WILLIAM HILBOURN, Philadel- 
phia, Pa. (Age 23.) Refers to H. L. Bow- 


man, S. J. Leonard. 


FOR TRANSFER 
FROM THE GRADE OF ASSOCIATE MEMBER 


DAWSON, LOUIS YOUNG, Jr., Assoc. M., 
Charleston, 8. 'C._ (Hlected March 11, 1929.) 
(Age 35.) Vice-Pres., Dawson Eng. Co., 
Inc. Refers to J. H. Dingle, J. E. Gibson, 
¥F, E. Lawrence, J. L. Parker, F. L. Stuart, 
B. M. Thomson. 


De AROZENA, JOE, Assoc. M., Flagstaff, 


Ariz. (Hlected June_10, 1929.) (Age 43.) 
Res. Engr., Arizona Highway Dept. Reters 
to EF. W. Flittner, R. A. Hoffman, C. R. 


Olberg, C. U. Smith, 8. Smyth. 
GRIFFIN, ALMERN FREDERICK, Assoc. 
M., Kirkwood, Mo. (Hlected. Feb. 25, 1924.) 


(Age 41.) Senior Engr., Upper Mississippi 
Valley Div., U. S. Engrs., St. Louis, Mo. 
Refers to H. L. Daley, C. H. Hiffert, T, H. 
Jackson, J. H. Kimball, W. H. McAlpine, 
R. B. McWhorter, C. H. Paul. 


HEMPLE, HENRY WILLIAM, Assoc, M., 
Washington, D. C. (BHlected April 3 1922.) 
(Age 41.) ‘Chf., Sec. of Civ. Works Survey, 
U. §. Coast & Geodetic Survey. Refers to 
W. Bowie, L. O. Colbert, J. S. Dodds, C. L. 
Garner, J. Hill, R. S. Patton, H. A. Seran. 


HOPKINS, WILLIAM TRENHOLM, Assoc. 
M., Charlotte, N.C. (Hlected Junior Nov. 
27, 1917; Assoc. M. April 25, 1921.) (Age 
43.) ‘Chf. Draftsman, W. S. Lee Eng. Cor- 
poration. Refers to W. P. Creager, J. de 
B. Kops, A. C. Lee, W. 8. Lee, Jr., C. W. 
MacCornack, R. Pfaehler, J. Wagner, Jr. 


HOYT, CHARLES ROYDEN, Assoc. M., 
Brentwood Heights, West Los Angeles, Cal. 
(Elected April 7, 1924.) (Age36.) Structural 
Engr., Board of Education, Los Angeles. 
Refers to E. J. Albrecht, R. H. Annin, D. J. 
Brumley, G. T. Donoghue, P. EH. Jeffers, 
W. S. Moore, H. E. Young. 


KERR, SAMUEL LOGAN, Assoc. M., Phila- 
delphia, Pa. (Hlected Junior Jan. 19, 1925; 
Assoc. M. Nov. 15, 1926.) (Age 35.) Re- 
search Engr., I. P. Morris Div., and Water- 
Works Engr., Baldwin-Southwark Corpora- 
tion. Refers to C. M. Allen, A. W. K. Bill- 
ings, W. W. Brush, N. R. Gibson, H. E. 
Halmos, H.»'C. Hutchinson, O. V. Kruse, 
A. V. Ruggles, H. A. Taylor, H. B. Taylor. 


MOTTA, ARNALDO ALVES da, Assoc. M., 
Sao Paulo, Brazil. (BHlected May 25, 1931.) 
(Age 38.) Contr. and Engr. Refers to C. P. 
Conrad, G. M. de Menezes, J. T. de Oliveira 
Penteado, H. Pegado, T. A. Romos, V. da 
Silva Freire, C. Q. Simoes. 


NEFF, STEWART SMITH, Assoc. M., Buf- 
falo, N. Y. (lected April 8, 1922.) (Age 
46.) Structural Engr., Portland Cement 
Association, New York city. Refers to H. L. 
Cooper, EH. P. Lupfer, J. T. Mockler, EH. G. 
Speyer, N. H, Sturdy, M. C. Tyler, W. S. 
Van Loan. 


POLLARD, LAWRENCE WELFORD, Assoc. 
M., Florence, $. 'C. (Elected Nov. 15, 1926.) 
Age 37.) Northeastern Div. Hngr.; South 
arolina State Highway Dept. Refers to 
D. T. Duncan, J. H. Gibson, J. M. Johnson, 
T. K. Legare, F. H, Murray, W. BE. Rowe. 


POWERS, ELLWOOD DENNIS, Assoc. M., 
Newark, N. J. (Hlected March 14, 1927.) 
(Age 39.) Cons. Engr. Refers to L. A. 
Ball, W. W. Chapin, BH. C. Epple, M. N. 
Shoemaker, H. V. Spurr, A. N, Van Vleck, 
L. B. Woodruff. 


RODIO, GIOVANNI, Assoc. M., Milano, 
Italy. (Hlected Dec. 14, 1925.) (Age 46.) 
Cons. Engr., Ing. Giovanni Rodio & ‘Co. 


Refers to H. HB. Gruner, M. 
U. EH. Martini, C. Terzaghi. 
accordance with Sec. 1, 
By-Laws.) 


J. Hvorslev, 
(Applies in 
Art. 1, of the 


BARRETT, BERTON ARTHUR, Jun., 
Shanghai, China. (Blected Dec, 5, 1927.) 
(age 29.) Associate Prof. of Civ. Eng., 
Chiao Tung Univ. Refers to 0. H. Ammann, 
a ehcp Aer goa arth. We As Cuonet, 

‘ , C. W. Dunham, J. Forgie, W. G. 

Grove, J. A. L. Waddell. a ‘ 


BLACKBURN, DUNCAN ARNOLD Mac- 
VICAR, Jun., Pasadena, Cal. (Blected J ace 
4, 1928.) (Age 82.) Designer, Operation 
Div., Water Dept., City of Pasadena. 
Refers to V. Elmendorf. S, B. Morris, C. B. 
San y. L. Peugh, EB. L, Smith, C. Ww. 


FROM THE GRADE OF JUNIOR 


SHEPARD, RALPH NELSON, Assoc. M., 
South Charleston. W. Va. (Elected March 15, — 
1926.) (Age 45.) Supervisor of Constr., — 
The Linde Air Products Co., New York © 
City; also Engr. of Constr. and design for © 
Carbide & Carbon Chemicals Corporation. — 
Refers to S. R. Donnellon, A. P. Greens- 

felder, BE. A. C. Hoge, O. M. Jones, W. A. © 
Knapp, BH. B. Moss. 


\ 
SHOEMAKER, EDWYN LEIBFREED, Assoc. ; 
M., Philadelphia, Pa. (Elected July 12, — 
1926.) (Age 37.) Chf. Engr., Warner Co. © 
Refers to W. H. Barton, Jr., H. C. Berry, 
A. Foster, Jr., W. N. Mayhew, J. L. Orr, 4 
J. W. Townsend, Jr., M. A. Webster. 3 


SIMPSON, HAWLEY STARR, Assoc. M., : 
New York City. (Hlected Junior March 15, — 
1926: Assoc. M. March 5, 1928.) (Age 35.) © 
Research Engr., American Transit Associa- — 
tion. Refers to BE. P. Goodrich, J. P. Halli- © 
han, J. H. Hanna, G. G. Kelcey, J. A. — 
Miller, H. BH. Riggs. ; 


a 
STONE, NELSON, Assoc. M., Lackawanna, _ 
N. Y. (BHlected April 3, 1922.) (Age 42.) © 
Dist. Megr., ° Kalman Steel Corporation. — 
Refers to HE. P. Lupfer, A. P. Skaer, E. G. © 
Speyer, N. H. Sturdy, W. S. Thomson, F. K. © 
Wing 
STROMQUIST, WALTER GOTTFRID, ‘ 
Assoc. M., Knoxville, Tenn. (Hlected Junior — 
Dec. 5, 1911; Assoc. M. Oct. 10, 1916.) (Age © 
49.) San. Engr., Health Sec., Tennessee 
Valley Authority. Refers to D. H. Connolly, j 
W. W. DeBerard, A. C. Decker, L. M. — 
Fisher, W. A. Hardenbergh, C. N. Harrub, 
H. N. Howe. 
J 
4 


THOMAS CHARLES MITCHELL, Assoc. M., 

Washington, D. C. (Elected June 19, 1922.) 
(Age 42.) With U. S. Coast and Geodetic 
Survey, Div. of Geodesy. Refers to W. 
Bowie, J. S. Dodds, C. L. Garner, J. H. 
Hawley, R. S. Patton, G. T. Rude, P. C. ! 
Whitney. 


VANCE, ALEXANDER MILTON, Assoc. M., j 
Austin, Tex. (BHlected Nov. 7, 1906.) (Age © 
63.) State Reclamation Engr. of Texas. — 
Refers to C. T. Bartlett, C. M. Davis, H. E. 
Hlrod, J. C. Feild, J. B. mee s oO, H. 
Koch, M. C. Nichols, J. A. Norris, H. N. 
och H. N. Pharr, A. P. Rollins, A. D. 

vers. 


WILLSON, CLARENCE ARDRY, Assoc. M., 
Madison, Wis. (Elected March 15, 1926.) 
(Age 35.) Structural Engr. for State Archi- 
tect of Wisconsin. Refers to F. M. Dawson, 

._F. Janda, D. W. Mead, H. W. Mead, 

‘Cc. V. Seastone, F. E. Turneaure, L. F. Van 

Hagan, C. N. Ward. 


WINKLER, EDWARD RUDOLPH, Ir. 
Assoc. M., Baltimore, Md. (Blected Junior 
Feb. 25, 1924; Assoc. M. Nov, 14, 1927.) 
(Age 35.) Rodman, P, R. R. Co. Refers to 
ZB. " Roo! a Be Rea SS Boar 

. V. Hogan, J. F. Remley, C. P. hantz, 
M. deK. Smith, Jr., A. R. Wilson. f 


BLONDIN, JOHN RALPH, Jun., New Or- 
leans, La. (Hlected Oct. 1, 1928.) (Age 32.) | 
Asst. Engr. on Mississippi River Bridge, . 
Modjeski, Masters & ‘Chase. Refers to R. G. 
Cone, H. Cross, C. W. Hanson, W. C. Hunt- 


ington, F. M. M 7 
Woodruff, asters, R. Modjeski, G. B. 


BROWNELL, CLARENCE JOHN, Jun. 
Albany, Cal. (Hlected March 15, 926.) 
(Age 32.) Associate Bridge Constr. Engr., 
San Francisco-Oakland Bay Bridge. Refers 
to 'C. DH. Andrew, H. A. Blau, T. B. Ferneau, 


H. EH. Kuphal, F, t f 
Warren, Hc Wood.” hag ene pie 


es 
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DESAI DAHYABHATI, SHIVABHAI, Jun., 
Calcutta, India. (Wlected March 5, 1928.) 
Age 381.) Designer and Estimator, Braith- 
waite & Co., India, Ltd., Engrs. and Contrs. 
Refers to J. R. Colabawala, J. Husband, 
U.S. Jayaswal. (Applies in accordance with 
Sec. 1, Art. I, of the By-Laws.) 


DUFFY, WILLIAM BERNARD, Jun., North 
Andover, Mass. (Hlected Nov. 14, 1927.) 
(Age 32.) Supt. of Public Works, Town of 
North Andover, Mass. Refers to H. S. 
Chase, F. H. Kingsbury, H. V. Macksey, 
G. A. Sampson, I. L. Sjostrom, C. 
Spofford, A. D. Weston, R. 8. Weston. 


és _ FAISANT, JOSEPH LEON, Jun., Baltimore, 


Md. (Elected March 14, 1927.) (Age_ 32.) 
Engr. with Van Rensselaer ’P. Saxe, Cons. 
Engr. Refers to W. P. Butler, H. M. Frost, 
H. M. Graf, R. C. Sandlass, V. P. Saxe, 
iC. A. Weiller, G. A. Wieman. 


FISHER, JAMES CLARENCE, Jun., Rock- 
ville Centre, N. Y. (Hlected Noy. 26, 1923.) 
eae 33.) Asst. Div. Hngr., New York & 
ueens Hlec,. Light & Power Co. Refers to 
H. P. Hammond, J. C. Meem, W. A. Mellny, 
R. S. Moore, O. Singstad, F. A. Snyder, 
EH. J. Squire. 
GRANOFF, DAVID, Jun., Albany, N. Y. 
(Blected Nov. 14, 1927.) (Age 27.) Jun. 
Civ. Engr., Bridge Dept., New York State 
Dept. of Public Works, Div. of Eng. 
Refers to L. D. Brownell, L. Holmes, A. 
Karolak, H. O. Schermerhorn, W. M. Stieve. 


HALLSTROM, IRVING THORELL, Jun, 
Seattle, Wash. (Elected March 5, 1928.) 
(Age 82.) Member of firm, Secy. and Hngr., 
Hallstrom & Hallstrom, Gen. Contrs. 
Refers to T. R. Beeman, D. H. Evans, T. D. 
Hunt, H. G. Osborne, O. A. Piper. 


' IRWIN, LUTHER WESLEY, Jun., Los An- 


geles, Cal. (Elected June 9, 1930.) (Age 82.) 
Jun. Engr. (High Grade), Metropolitan 
Water Dist. of Southern California. Refers 
to HB. H. Clarkson, Jr., R. L. Derby, P. 
Fuller, H. S. Kleinschmidt, BH. D. Lownes, 
R. A. Skinner, W. E. Whittier. 


KESTING, BERNARD GEORGE, Jun., 
Toledo, Ohio. (Hlected April 25,1932.) (Age 
32.) County urveyor (County Engr.), 


Lucas County. Refers to G. Champe, A. S 
Forster, S. C. McKee, C. B. Patterson, R. H 
Randall . 

KLEIN, ALEXANDER, Jun., Berkeley, Cal. 
(Elected Oét. 14, 1930.) (Age 32.) Asst. Re- 
search Engr., Eng. Materials Laboratory, 
Univ. of California. Refers to R. W. Carl- 


son, R. E. Davis, C. G. Hyde, B. Jamey- 
son, J W. Kelly, G B. Troxell, H. 2 
Zeitfuchs. 


McCROSKY, THEODORE TREMAIN, Jun., 
Yonkers, N. Y. (Hlected Feb. 25, 1924.) 
ee 32.) Planning Director, City Planning 
omm. Refers to f Bishop, Dw PB. 
Goodrich, A. P. Hoover, P. G. Laurson, 
H. M. Lewis, C. J. Sheridan, C. J. Tilden, 
Jo (Coot racy. 


MARRA, JAMES VINCENT, Jun., New York 

City. (Hlected Oct. 14, 1929.) (Age 29.) 
Senior Engr., Works Div., Dept. of Public 
Welfare, City of New York. Refers -to 
R. w. Armstrong, R. Cook, H. A. Dibbell 
W. G. Federlein, W. D. Kramer, . F 
Ludden, B. Marcus. 


MEADOWCROFT, ALLAN JAMES, Jun., 
Balboa, Canal Zone. (Elected Jan. 18, 1926.) 
ee 82.) Instructor of Eng., Canal Zone 
un. Coll., in charge of Eng. Dept. Refers 


to 'C. A. Bissell, R. V. Meikle, C. Moser, 
L. B. Reynolds, L. W. Stocker, A. L. Trow- 
bridge, D. R. Warren. 


MENDEZ, ENRIQUE, Jun., Toa 
Puerto Rico. (BHlected Feb. 10, 1930.) _ (Age 
31.) Civ. Engr., Central Constancia. Refers 
to J. M. Canals, M. V. Domenech, M. Font, 
R.-A. Gonzalez, E. S. Jimenez, R. Ramirez, 
R. M. Snell. 


MICHAEL, ARTHUR CHILTON, Jun., De- 
troit, Mich. (Hlected June 4, 1928.) (Age 
82.) Field Engr. of Constr., Dept. of Water 
Supply, Detroit, Mich. Refers to G. H. 
Fenkell, J. H. Gregory, F. W.. Herring, 
A. B. Morrill, F. E. Simpson, F. H. 
‘Stephenson. 

POTTS, CHARLES ARLINGTON, 
Macon, Mo. (Hlected Feb. 24, 1931.) 
82.) Final Plans Engr., Missouri 
Highway Dept. Refers to R. W. Brooks, 
H. R. Creal, C. H. Ellaby, J. T. Lynch, 
Cc. P. Owens, G. A. Ridgeway, P. F. Rossell, 
J. S. Watkins. 


RHODES, FRED HAROLD, Jr. Jun, 

Seattle, Wash. (Elected Oct. 1, 1926.) (Age 

82.) Instructor in General, Civil and Struc- 

tural Eng., Univ. of Washington. Refers 

to O. H. Hallberg, C. C. May, C. C. More, 

Meine Putnam, A: M. Truesdell, R. G 
yler. 


ROSBERG, EDWARD OSCAR, Jun., San 
Francisco, ‘Cal. (Elected Oct. 14, 1930.) 
(Age 82.) WHstimator, Designer and De- 
tailer, Herrick Iron Works, Oakland, Cal. 
Refers to A. C. Alvarez, R. WH. Davis, C 
Derleth, Jr., B. Jameyson, F, A. Johnson. 
SANCHEZ, MILCIADES, Jun.,. Medellin, 
Colombia. (Hlected Dec. , 1927.) (Age 
32.) Mgr. of all Public Utilities, City of 


Baja, 


Jun., 
(Age 
State 


Medellin. Refers to J. H. Caton, 3d, H. R. 
Faison, HE. G. Hooper, A. Potter, (C. T. 
Schwarze. 


SCOTT, CLAUDIUS BERNARD, Jun., Ashe- 
ville, N. C. (Hlected Oct. 1, 1926.) (Age 
32.) Chf. Engr., Dave Steel Co, Refers to 
J. Dave, T. F. Hickerson, R. L. Maynard, 
R. M. Trimble, A. H. Vanderhoof, S. R. 
Webb. 

SEAMAN, AYRES CROMWELL, Jun., Am- 
bridge, Pa. (lected Oct. 10, 1927.) (Age 
29.) Draftsman, American Bridge Co. Re- 
fers to C. W. Cunningham, E . Doebler, 
J. BH. Elliott, W. HE. Fuller, O. HE. Hovey, 
H. W. Troelsch, H. C. Turner. 

STANLEY, ROBERT TALLMADGE, Jun., 
Portland, Ore. (Elected Oct. 1, 1926.) (Age 
32.) Res. Bridge Engr., Oregon State High- 
way Comm. Refers to C. B. McCullough, 
G. S. Paxson, R. D. Rader, A. G. Skelton, 
O. BE. Stanley, R. B. Wright. 

VOGHT, WALTER RYAN, Jun., Chicago, 
Ill. (Hlected July 15, 1929.) (Age 31.) 
Bridge Engr., John A. Roebling’s Sons Co., 
Trenton, N. J. Refers to R. Boblow, BH. W. 
Downs, O. W- Hartwell, W. B. Joyce, I. F. 
Stern. 

WOOD, LEWIS KEYSER, Jun., Berkeley, 
Cal. (Elected March 14, 1927.) (Age 32.) 
Asst. and Associate Bridge ‘Constr, Engr., 
San Francisco-Oakland Bay Bridge. Refers 
to C. BH. Andrew, F. W. Panhorst, H. EH. 
Squire, D. R. Warren, F. G. White. 


WU KING CHING, Jun., Shanghai, China. 
(Blected Nov. 14, 1927.) (Age 32.) bot dae - 
ing Engr. and Treas., Cosmos ane O., 
Ltd. Refers to K-S. Hsu, C-P sueh. 
(Applies in accordance with Sec. 1, Art. I, 
of the By-Laws.) 


The Board of Direction will consider the applications in this list not less 


than thirty days after the date of issue. 


7 Y re ee Fr vv 
otk eet oe ee Po 


ie $e a ay 
hs tye 
ig 


tit we 4 we 


t fad a 
+3 ~ pad. 


“a ont + 
he rut 
I Le ree frwns'g Bt wetlands) 
eer ‘ : a dae 3 Piceterskins 


oN 3 
wihe ‘2 


ar | tke ee cts 


aes 


SEPTEMBER 1934 No. 7 


APPLICATIONS FOR ADMISSION AND FOR TRANSFER 


The Constitution provides that the Board of Direction shall elect or reject 
all applicants for Admission or for Transfer, and, in order to determine justly 
the eligibility of each candidate, the Board must depend largely upon the 
Membership for information. 

This list is issued to members in every grade for the purpose of securing 

all such available information, and every member is urged to scan carefully 
each monthly list of candidates and to furnish the Board with data in regard 
- to any applicant which. may aid in determining his eligibility. It is the Duty 
of all Members to the Profession to assist the Board in this manner. 
It is especially urged, in communications concerning applicants, that a 
| Definite Recommendation as to the Proper Grading in Each Case be given, 
- inasmuch as the grading must be based upon the opinions of those who know 
- the applicant personally as well as upon the nature and extent of his pro- 
- fessional experience. If facts exist derogatory to the personal character or 
to the professional reputation of an applicant, they should be promptly com- 
- municated to the Board. Communications Relating to Applicants are con- 
sidered by the Board as Strictly Confidential. 

The Board of Direction will not consider the applications herein con- 
tained from residents of North America until the expiration of thirty (30) 
- days, and from non-residents of North America until the expiration of ninety 
(90) days from September 15, 1934. 


MINIMUM REQUIREMENTS FOR ADMISSION 


Grad General Requirement Age Length of Bere eh P 
oe ene a Active Practice work 
i i ll as to r 5 years of im- 
Member Bort important work atere 12 years portant work 
Sea ees Qualified to direct work 27 years 8 years* ; 1 year 
panier Qualified for Bab Begseeens! 20 yearst A rcaree 


k ; 
ualified by scientific acquire- y nea 

Affiliate ae or practical experience 35 years 12 years* Dceiehe re 2 
to co-operate with engineers 


Contributor to the permanent 
pelow funds of the Society | 


* Graduation from a school of engineering of recognized reputation is equivalent to 4 years of active 


practice. 
+Membership ceases at age of 33 unless transferred to higher grade, 


ABE 


Fuo 


The fact that applicants give the names of certain members as references 
does not necessarily mean that such members endorse. 


FOR ADMISSION 


ABELSON, HAROLD NORMAN, Tacoma, 
Wash. (Age 26.) Chainman, Washington 
State Highway Dept. Refers to O. : 
Abelson, V. Gongwer, H. E. Phelps, C. P. 
Ryan, M. K. Snyder. 

ATWELL, KENNETH TILDEN, Salt Lake 
City, Utah. (Age 22.) Refers to T. C 


Adams, R. Brown, R. A. Hart, R. B. 
Ketchum, G. D. D. Kirkpatrick, F,. H. 
Richardson. 


BAKER, STANLEY LOREN, Newton, Iowa. 

(Age 30.) Sewerage Supt. with Sewer 
Comm. Refers to A. H. Fuller, L. W. 
Stewart. 


BERNDTSON, BERNHARDT TAYLOR, 
Oakland, 'Cal. (Age 30.) Transitman, Shell 
'Co., Martinez, Cal. Refers to N. Aanonsen, 
J. A. Case, H. W. Haberkorn, S. T. Harding, 
R. D. Reeve, F. W. Slattery, C. L. Young. 


BERNSTEIN, M. JACK, Chicago, Ill. (Age 
20.) Refers to J. B, Babcock, 3d, H. K. 
Burrows. C. B. Breed. 


BILLINGSLEY, EARL JOSEPH, Philadel- 
phia, Pa. (Age 24.) Refers to H, L. Bow- 
man, 8. J. Leonard. 


BRICE, HERMAN DYER, Pleasantville, 


Iowa. (Age 25.) Field Engr., U. 8S. Geo- 
logical Survey. Refers to R. G. Kasel, 
F. T. Mavis. 


BROWN, MARVIN THOMAS, Houston, Tex. 
(Age 22.) Office Asst. to Office Engr., Div. 
12, Texas State Highway Dept. Refers to 
E. C. H. Bantel, J. A. Focht. 


BURROUGHS, BILLY BOB, Atlanta, Tex. 
(Age 22.) Refers to EH. C. Bantel; P. M. 
Ferguson, S. P. Finch, J. A. Focht, T,. U. 
Taylor. 


BUTTMI, WILLIAM WALLACE, New York 
City. (Age 23.) Refers to J. B. Babcock, 
3d, C. B. Breed, ; 


CAMPBELL, WILLIAM ALDEN, 
mento, Cal. (Age 24.) 
Oil Co. (California), San Francisco, Cal. 
Refers to J. D. Galloway, H. H. Hall, 
L. B. Reynolds, G. Q. Thacker, J. B. Wells. 


CARPENTER, RICHARD TOWNSEND, 
Eggertsville, N. Y. (Age 380.) Refers to 
F. A. Barnes, E. N. Burrows, HE. P. Lupfer, 
J. HE. Perry, BE. W. Schoder, R, Y. Thatcher. 


CHAMBERS, ROBERT HAMILTON, Flush- 
ing, N. Y. (Age 25.) Draftsman, New York 
& Queens Gas Co. Refers to R. H. Cham- 
bers, C. S. Landers. 


Sacra- 
Rodman, Standard 


CLARK, (CYRIL MESMAN, Ontonagon, 
Mich, (Age 24.) With U. S. Forestry Serv- 
ice. Refers to W. C. Polkinghorne, R. C. 
Young. 

COLE, CLIFTON HARNEY, Houghton, 
Mich. (Age 28.) Asst. Project Engr., 
F.H.R.A., Houghton County. Refers to 


W. C. Polkinghorne, R. C. Young. 


CONLEY, HUGH GORDON, Los Angeles, 

Cal. (Age 22.) Jun. Bngr., Shell Oil Co., 

Wilmington (Cal.) Refinery. Refers to 
Fox, D. M. Wilson. 


CORE, EDWIN JOHN, Santa Paula, Cal. 
(Age 22.) With Soil Erosion Service, Dept. 
of Interior. Refers to R. R. Martel, W. W. 
Michael, F. H. Olmsted, H. EH. Reddick, 
F. Thomas. : 


DALZELL, CHESTER LAWTON, Long 
Island City, N. Y. (Age 23.) Engr. with 
F. O. Anderegg. Refers to F. J. Evans, 


F M. McCullough, H. A. Thomas, 


DEES, BEN WOODALL, Maynard, Ark. 
(Age 25.) Refers to N. B. Garver, W. R. 
Spencer. 

DIBBLE, JOHN TAYLOR, Sterling, Il. 
(Age 21.) Refers to F. M. Dawson, H. F. 
Janda. 

DORIA PAZ, JUAN CRISOSTOMO, Monter- 
rey, N. L., Mexico. (Age 23.) Designer 


and Draftsman, Cia. Fundidora de Fierro y 
Acero de Monterrey S. A. Refers to L. H.. 
Grinter, J. T. L. MeNew, T. A. Munson, 
J. J. Richey, C. EB. Sandstedt. ‘ : 


DUNNING, ABRAM BEEMER, Montgomery, — 
Ala, (Age 36.) Engr.-Examiner, Federal 

Emergency Administration of Public Works. 

Refers to G. J. Davis, Jr., A. C. Decker, 

H. H. Houk, R. D. Jordan, R. L. Totten. 


DYER, VALENTINE EDWARD, Clifton, 
N. J. (Age 21.) Refers to F. J. Radigan, 
W. M. Schlossman., 


DYSLAND, LLOYD SANDERS, Madison, — 
Wis. (Age 21.) Refers to F. M. Dawson. 
H. F. Janda. 


EDWARDS, COYLE VILMAR, Calhoun, Ky. 
(Age 24.) Head Chainman, U, 8. Coast and — 
Geodetic and State Survey, Albany, Ga. 
Refers to R. P. Black, F. C. Snow. ‘ 


FETZNER, PAUL HUGH, Casper, Wyo. 
(Age 21.) Refers to R. D. Goodrich, H, T. 
Person. } 

FISHER, WILLIAM, Pittsburgh, Pa. (Age | 
22.) Refers to A. Diefendorf, L. C. Mc- 
Candliss, > 

FORD, CURRY ELLISTON, Columbus, Ohio. 
(Age 23.) San. Engr., Ohio State Planning 
Board. Refers to G. M. Fair, A. Haertlein. 

FREDERICKS, CHARLES WILLIAM, Los 
Angeles, Cal. (Age 29.) Draftsman, fornia. 


a 


politan Water Dist. of Southern California. 
Refers to W. L. Chadwick, D. B. Gumensky, 
e coe FF. W. Karge, L. M. Miller, G. E. q 
Strehan, : 


FRINGER, DAVID LEWIS BARTLETT, 

~Pikesville, Md. (Age 37.) Prin. Examining .| 
Engr., Maryland Civil Works Administra- 
tion, Emergency Relief Administration. 
Refers to G. Beggs, 1 
F. H. Dryden, H. R. Leonard, BE. L. More- — 
land, J. W. Richardson, S. L. Thomsen. 1 


FROMM, AUGUST GEORGE, New York 
City. (Age 29.) Refers to F. BE. Foss, 
G. Morrison, M. H. Van Buren, J. P. J. 
Williams 


FUCHS, ROBERT JOHN, Brooklyn, N. Y. 


(Age 23.) Refers to T. R. Lawson, W. W 
Rousseau. 


F. Bornefeld, 


- Gro 


oo 
OL 


New York 
R,. Codwise, 


: GEORGAKOPULUS, JAMES, 
City, (Age 21.) Refers to H. 
L, F. Rader, E. J. Squire. 


GEUSS, ARTHUR PAUL, York, Pa. (Age 
24.) Asst., Eng. Corps, Pennsylvania R. R., 
M. of W. Dept. Refers to W. C. Hunting- 
ton, T. C. Shedd. 


- GOLDBERG, SAMUEL, New York City. 


(Age 21.) Refers to F. BE. Foss, M. H. Van 
Buren. 

_ GOLDSMITH, PHILIP, Brooklyn, N. Y. 
(Age 23.) Refers to . H. Goodwin, 
F.'O. X. MeLoughlin. 

GORDON, ISIDOR, New York City. (Age 


24.) Eng. Asst., Bureau of Eng. Constr. 
Refers to R. H. Goodwin, J. C. Rathbun. 


- GOTTLIEB, WILLIAM, Berkeley, Cal. (Age 
_ 41.) Asst. Engr. for Six ‘Companies of 
California, Oakland, Cal. Refers to C. 
Derleth, Jr., T. BH. Ferneau, B. Jameyson, 
A. J. A. Meehan, N. C. Raab, H. Whipple. 


| GRAEF, FREDERICK ERN#ES‘, Jr., Philz- 
delphia, Pa. (Age 23.) Refers to H. L. 
Bowman, §8. J. Leonard. 


- GURRY, JOHN WILLIAM, Alplaus, N. Y. 
(Age 22.) Instrumentman with Union Coll., 
Schenectady, N. Y. Refers to R. W. Abbett, 

- R. A. Hall, A. DeH. Hoadley, W. C. Taylor. 


 GUTMAN, HENRY, New York City (Age 
47.) Chf. Draftsman, Bridge Dept., Dela- 
- ware, Lackawanna 


Western R. R., 
Hoboken, N. J. Refers to W. D. Binger, 
BE. W. Fickenscher, M. Hirschthal, C. M. 
Segraves, G. W. Thompson, J. L. Vogel. 


HALE, HAROLD WINSLOW, New Rochelle, 
“N.Y. (Age 82.) Refers to W. T. Barnes, 
# .K. Borchard, H. W. Hldridge, C. R. 
Hulsart, G. H. Martin, Jr. 


HAMILTON, GORDON HAROLD, Kansas 
City, Mo. (Age 30.).- Gen. Supt., . VA. 
Ross Constr. Co. Refers to A. D. Harvey, 
RR. F. Hoffmark, G. F. Maitland, H. P. 
- Treadway, H. C. L. Wagner. 


_ HARTON, THOMAS GORDON, Madison, 
' Service 


Tenn, (Age 25.) Rodman, Eng. 
Div., Tennessee Valley Authority, Hunts- 
ville, Ala. Refers to B. A. Batson, J. W. 


Bradner, Jr., N. W. Dougherty, R. L. Moore, 
G. B. Tomlinson. 


‘HAVLAK, WILLIAM RICHARD, Avalon, 
Pa. (Age 22.) Refers to A. Diefendorf, 
L, C. McCandliss. 


| HEINRICH, ALBERT, Jr., Pasadena, Cal. 
. (Age 23.) Refers to R. R.. Martel, W. W. 
_ Michael, F. Thomas. 


HICKMAN, ROBERT, Danville, Uy (Age 
25.) Refers to J. J. Doland, G. W. Pickels. 


HILL, CLAIR ASHCRAFT, Redding, Cal. 
4 (Age 25.) Refers to L. B. Reynolds, J. B. 
. Wells.. 


“HOUSER, HOWARD, RAY, Dayton, Ohio. 
(Age 22.) Refers to J. F. Hale, B. T. Schad. 


HOWE, ARTHUR KING, Buffalo, N. Y. 
 , (Age 22.)' Eng. Apprentice, Pennsylvania 
R. R., New York Div., Jersey City, IN. i de 
Refers to C. T. Bishop, R. H. Suttie, J. C. 


Tracy. 


- HUMPHREYS, 
(Age 23.) Refers to as 
son, M . Van Buren, 


HYDE, GEORGE EMMONS, Dallas, 
(Age 25.) Refers to de Ka einen; 
Fowler, H. N. Noyes. 


JOSEPH, Astoria, N. Y. 
B®. Foss, G. Morri- 
J. P. J. Williams. 


Tex. 
D. 


Men 


JACOBSON, ABE 
Md. (Age 22.) 
J. T. Thompson. 


JOHNSON, NORMAN STANLEY, Pasadena, 
Cal.. (Age 22.) _Refers’to R. R. Martel, 
W. W. Michael, F. Thomas. 


JOHNSON, PAUL EVERETT, Worcester, 
Mass. (Age 24.) Refers to A. W. French, 
J. W. Howe. 


JOHNSON, ROBERT SOLOMON, Canaan, 
N. Y. (Age 20.) . Refers to EH. R. Cary, 
H, O. Sharp. 


JOHNSON, WALTER HAROLD, Alhambra, 
(Cal. (Age 47.) Res. HBngr., Div. of High- 
ways, Sacramento, Cal. Refers to C. HK. 
Andrew, H. 5S. Comly, V. A. Endersby, J. B. 
Lippineott, C. D. Marx, F. W. Panhorst, 
D. F. Roberts. 


JORDAN, EDWARD CLARENCE, 2d, Port- 
land, Me. (Age 21.) Refers to HE. C. 
Jordan, fH. H. Sprague. 


JUSTER, CHARLES JOSEPH, Jr., Newark, 
N. J. (Age 21.) Refers to H. N. Lendall, 
W. Rudolts. 


KNOX, VERNON EUGENE, New York City. 
(Age 25.) Refers to ¥. HE. Foss, G. Mor- 
rison, M. H. Yan Buren, J. P. J. Williams. 


KRUMM, ERIC TAHLMAN, Columbus, Ohio. 
(Age 22.) Refers to L. Lee, Cc. T. Morris, 
J. C. Prior, C. E. Sherman, R. C, Sloane. 


LAMBRIGHT, JOHN SHERMAN, Indian- 
apolis, Ind. (Age 30.) Refers to T. L. 
Condron, C. L. Post. 


LAWSON, WILLIAM WHITELAW, Watch 
Hill, R. I. (Age 22.) Refers to C. D. 
Billmyer, J. L. Murray. 


LEWIS, JOHN ALBERT, Hopewell Junc- 
tion, N. Y. (Age 87.) Engr. Civil Works 
Administration, T.H.R.A., Dutchess County, 
N. Y. Refers to W. H.’ Hunt, C. W.-Van 
Dyke, C. D. Watson, W. J. Watson, B, L. 
Zeltner. 


LITTLE, WILLIAM SEELYE, Rochester, 
N. Y. (Age 28.) Asst. Supt., T.H.R.A., 
C.wW.A., and Genesee State Park Comm. 
Refers to C. Crandall, G. 'C. Wright. 


LUSK, CHARLES BENTON, Wood River, 
Til. (Age 21.) Refers to J. C. L. Fish, 
BH. L. Grant, A. 8. Niles, E. C. Thomas, 
J. B: Wells, H. A. Williams. 


LUTES, DAVID WALLACE, Santa Paula, 
Cal. (Age 22.) With Soil Hrosion Service, 
Dept. of Interior. Refers to R. R. Martel, 
W. W. Michael, H. E. Reddick, F. Thomas. 


LYNCH, VINCENT JOSEPH, Hasbrouck 
Heights, N. J. (Age 22.) Refers to F. A. 
Biberstein, Jr., A. J. Scullen. 


McCARTLY, THOMAS EDWARD, Jr., Santa 
Fe, N. Mex. (Age 25.) Refers to Joy EL. 
Dorroh, H. C. Neuffer. 


MecNAIR, ARTHUR JAMES, Leadville, Colo 
(Age 20.) Refers to R. L. Downing, C. L 
Hekel. 


MAGUIRE, CHARLES AUGUSTINE, Provi- 


CLIFFORD, Baltimore, 
Refers to J. H. Gregory, 


dence, R. I. (Age 46.) Commr. of Public 
Works, Refers to T. F. Bowe, R. ; 
Bowen. C. A. Emerson, Jr., M. Pirnie, JEW 
Taussig. 

(Age 


MENG, CARL LeROY, Phoenix, Ariz. 
38.) Asst. Engr., U. &. Bureau of Reclama- 
tion, Camp Verde, Ariz. Refers to H. K. 
Barrows, J. A. Fraps, A, F. Harter, W. B. 
Poland, F. A. Russell. 


Mon 36 Ten 


7 


4 
MONSERUD, JOSEPH OLAF SEBASTIAN, SMITH, JEFFERSON LUSK, New Orleans, 
Casper, Wyo. (Age 23.) Refers to R. D. La, (Age 21.) Refers to J. D. tae 
Goodrich, H. T, Person. D. Derickson, W. B. Gregory, F. A. Muth, 


L aM (ae W. B. Smith, H. L. Williams. : 
MOORE, BYRD LEE, Kirkwood, Mo. e ; 
34.) Chf. Designer, Div. No. 6, Missouri SODERBERG, KERMIT JOSEPH, Los 
Highway Dept. Refers to C, A. Baugh- Angeles, Cal. (Age 24.) Chainman, Gen- 
man, J. A. C. Callan, H. H. Houk, R. D. eral-Shea Constr. Co., Inc., Bonneville Dam, 
Jordan, G. A. Ridgeway, S. M. Rudder, Ore. Refers to EH. L. Grant, C. Moser. 


W. J. Wagner. STACY, MAURICE CYRUS, Ada, Ohio. (Age 


MOORE, FRANK HARDY, Jr., Wayne, Pa. 26.) Inspector, under Wm. Frasch, Kenton, 
(Age 21.) Computer, Matte ec pert, Ohio. Refers to G. H. Elbin, A. R. Webb. 
Pennsylvania R. R., Philadelphia, a. STEVENS, DUDLEY FIELD, Valley City, 
Refers to J. B. Babcock, 3d, 'C. B. Breed. N. Dak.” (Age 23.) Rodman,*North Dakota. 


NEU, FREDERICK WILSON, Leonardo, Dept. of State Highways. Refers to F. L. 
N. J. (Age 22.) Refers to H. C. Bird, Anders, W. HE. Smith. : 


W- A. Hall, WM, Piatt. THOMPSON, THOMAS FIELDS, Vinita, 
NUNEZ y CANCIO, EMILIO LEOPOLDO, Okla. (Age 23.) Refers to J. F.' Brookes, 
Jackson Heights, N. Y. (Age 23.) Refers N. E. Wolfard. ; 


to W. H. Barton, Jr., C. H. Myers. TWISS, FRANCIS ERNEST, Hartford, 


OLSEN, ERNEST HARVEY, Chicago, Il. Conn. (Age 23.) Asst., City Engr.’s Office, 
Age 27.) With Illinois State Planning Refers to R. J, Ross, H. O. Sharp, W. A. D. 
emm. (Refers to J. L. Clarke, J. L. Crane, Wurts. : 

Jr., P. E. Green, H. E. Hudson, G. L. Opper. VANASCO,, ALBERT JOACHIM, Bronx, 


PETERS, GEORGE HUGO, Freeport, N, Y. N. Y. (Age 23.) Refers to J. J. Costa, 
(Age 33.) Asst. Engr. with Nassau County A. V. Sheridan. ' 


Engr., Mineola, N. Y.. Refers to W. H. ’ 3 
Bowne, C. Cruse, E.R. Dunne, J. C. N. VERNIER, ROBERT LOUIS, Stanford Uni- 


; versity, ‘Cal. (Age 23.) Jun. Hngr., 
Guibert, W. F. Starks. Standard Oil Co. of California. Refers to 
PETROVITS, EDGAR MORITZ, Pough- A. S. Niles, L, B. Reynolds, J. B. Wells. 
tay N.Y wage %.) Refers to E.R. WaLLACE, KEITH KERNEY, Honolulu, 


anes (Age, 26.) ale ee Lae sides: ik £4 
PLEASANTS, BEN, i Nya Ce in gr. ee. efers to C. B. Andrews, A. R. 
oH) ah to W. a tows: F. ae sd a Keller, J. F. Kunesh, G. K, Larrison, FF. 
G. Morrison, M. H. Van Buren, J. P. J. Ohrt, W. H. Samson. : 


Williams. WANG, WOODSON, Nanking, China. (Ag 
POLLOCK, SIDNEY, Pottstown, Pa. Ate Se 37.) Chf. Engr., Grand Canal Comm. — 
22.) Refers to W. H. Barton, Jr., C EB. Refers to S-T. Hsu, S-T. Li, H. H. Ling, 


Myers. I-H. Pei, P-L, Yang. ° 
REEDER, JACK GRAYDON, Evansville, WANG, YANG TSENG, Tientsin, China. 
Ind. (Age 23.) Refers to S.C. Hollister, (Age 32.) Chf. Engr., Saratsi (China) Irri- _ 
R. B. Wiley. see ea fbey Rs ie Cc. ex Ef Sak | 

. M. M. Greig, J._B. Sanborn, F. J. ery, 
REXWORTHY, EDWARD SIBREE, Sunny- O. J. Todd, P-L. Yang. ( 
vale, Cal. (Age 29.) Refers to W. G. Frost, See? 1s 
L. B. Reynolds, H. A. Williams, . be parerapen ps rare Ae aes Schenec- 

tady, N. Y. ge 21.) Surveying and man- 
ROHLICH, GERARD ADDISON, Ridge- ping’ Uuion Coll. campus. Refers to R, W. 
Hops; Gv) Morrison, 3; C.) Biedel,, Bf, a, AD Petth Rs Anata, OW..8. Bayar, yl 
Van Buren. WILLIE, LAVERN J, Ione, Wash. 


.) Rod j hi | 
ROSS, ARTHUR REID, St. Louis, Mo. (Age Dee, Reem, Wesyneyen ete 
47.) Associate to Pres., Board of Public Snyder, J. G. Woodburn. f 


Service, weed of St. Louis. Refers to 
Cc. H. Bec 


WwW. C. ker, B. L. Brown, W. R. WINTZ, EDWARD RAMSEY, Riverside, Cal. 
Crecelius, W. W. Horner, F. G. Jonah, H. BE. (Age 30.) Jun. ‘Civ. Engr., Los Angeles 
Wall. eee Dept. ae to G. HE. Baker, J. B. 
RUSSELL, GARFIELD HUGH, Oakland, ond, ie Be Plomety Bras Ore ee 


Cal. (Age 54.) Engr. Appraiser, Federal Hough, Ae. tm benteony He a eee 4 
Land Bank, Berkeley, Cal. Refers to P. WOODS, KENNETH BRADY, Columbus, 
Bailey, W. B. Freeman, 8. T. Harding, E. Ohio, (Age ‘ig Asst. Engr., under R. R. 
Hyatt, W. R. Parkhill, E. A. Porter, W. S. Litehiser, Ohio State Highway Dept. Refers 
Post, A. B. Purton, F. C. Scobey, O. V. P. to G. HB. Large, R. R. Litehiser, C. T. 
Stout. ; hale! J. R. Shank, C. BE. Sherman, R. C. 
1 

SCHNEIDER, CHARLES GEORGE, Yonkers, oer 
N. Y¥. (Age 22.) Refers to HE. G. Hooper, ZAPP, LLOYD OTTO, Houston, Tex. (Age 
T. Saville, C. T. Schwarze. EY Refers to L. BH. Grinter, C. R. Haile, — 


SCHREINER, JOHN EDWARD, Chicago, 


Ill. (Age 20.) With Geological and ZEPP, HOWARD CONLEY, Marriottsville, 
Natural History Survey of State of Wis- Md. (Age 23.) Refers to J. H. Gregory, 
consin. Refers to G. L, Opper, H. Penn. J. T. Thompson. 


SIMMONDS, JULES GOTTFRIED, New ZERBE, JAMES JACOB, Flint, Mich. (Age — 
York City. (Age 22.) Asst. to Maintenance 25.) Layout Engr. for Sorenson-Gross 
Engr., with Bing & Bing. Refers to B. A. ‘Constr. Co., Port Huron (Mich.) Hospital. 
Bakhmeteff, A. H. Beyer, D. M. Burmister, Refers to C. L. Allen, R. W. Lambrecht, 


J. K. Finch, W. J. Krefeld. C. A. Miller. 


FROM THE GRADE OF 


KELSEY, JAMES ROBERT, Assoc. M., San 
‘Francisco, Cal. (Elected Oct. 14, 1980.) 
(Age 35.) Asst. Engr. of Design, Dept. of 
Public Works. Refers to C, E. Andrew, 
W. G. Grove, R. Modjeski, S. J. Ott, H. W. 
Perston, J. H. Wadsworth, G. B. Woodruff. 


JARSEN, HAROLD THEODORE, Assoc. M., 
New York City. (lected Junior Dec. 15, 
1924; Assoc. M. Aug. 30, 1926.) (Age 87.) 
Editor of Proceedings, American Society of 
Civil Engineers. Refers to H. Cross, H. P. 


BARKER, CARL LEON, Jun., Birmingham, 
Ala. (Elected Nov. 28, 1982.) (Age 32.) 
‘Asst. Res. Engr. Inspector, Public Works 
Administration. Refers to G. J. Davis, Jr., 
,D. Cc. A. du Plantier, E. L. Erickson, S. C. 
Houser, D. B. Rush. 


BENFORD, WILLIAM RAMSDEN, Jun., 
North Providence, R. I. (Elected March 5, 
1928.) (Age =) Instructor in Civ. Eng., 
Brown Univ.; also ‘Cons. Engr. Refers to 
J. BH. Hill, B. J. Hollen, H. EH. Miller, J. L. 


RANT, HORACE, Jun., Hast Orange, N. J. 
Hlected Nov. 11, 1929.) (Age 381.) Asst. 
ngr., Hmpire City Subway Co. (Ltd.), 
\New York City. Refers to A. H. Beyer, 
D. M. Burmister, J. K. Finch, W. F. Fox, 
W. J. Krefeld, G. J. Ray, D. C. Waite. 


HOCHSTEIN, IRWIN, Jun., Brooklyn, N. Y. 
(Hlected Jan. 25, 1932.) (Age 30.) Asst. 
Hngr., C.W.A. Port of New York Authority 
Traffic Survey. Refers to H. P. Hammona, 
W. G. L. McFarland, N. A. Richards, R. 
Rubin, H. V. Spurr, H. J. Squire, J. Tarnay. 
Francisco, Cal. (Elected Feb. 23, 19382.) 
(Age 31.) Associate Constr. Engr., San 


than thirty days after the date of issue. 
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FOR TRANSFER 


ASSOCIATE MEMBER 


Eddy, M. L. Enger, A. D. Flinn, W. C. 
Huntington, G. T. Seabury, O. Singstad, 
'C. H. Stevens, S. Wilmot. 

RICH, GEORGE ROLLO, Assoc. M., Wel- 
lesley, Mass. (Hlected Junior March 7, 
1921; Assoc. M., March 14, 1927.) (Age 87.) 
Designing Engr. with Metcalf & Hddy, 
Boston, Mass. Refers to C. M. Allen, H. L. 
Bowman, R. W. Burpee, E. H. Cameron, 
8S. A. Cheney, A. W. French, H. A. Hage- 
man, O. G. Julian, E. L. Moreland, T. B. 
Parker, W. N. Patten, D. M. Wood. 


.FROM THE GRADE OF JUNIOR 


Francisco-Oakland Bay Bridge. Refers to 
O. R. Bosso, V. A. Endersby, W. B. James, 
F. C. Kelton, F. W. Panhorst, A. L. Rich- 
ardson, D. R, Warren. 

MASON, HENRY McCRAKEN, Jun., War- 
rendale, Ore. (Hlected Jan. 17, 1927.) (Age 
28.) Concrete Technician, U. 8. Engrs., 
Booneville Dam, Refers to G. E. Goodwin, 
R. B. Hammond, D. C. Henny, B. S. Mor- 
row, H. A. Rands, M. EH. Reed, B. HE. 
Torpen. 


Murray, ¥. C. Williams, S. Wilmot. OBERT, RUSSELL MELVIN, Jun., Columbus, 


Ohio. (Hlected April 12, 1926.) (Age 32.) 
Asst. Hngr., ‘Columbia Eng, Corporation. 
Refers to C. R. Burky, C. B. Cornell, C. T. 
Morris, J. R. Shank, R. C. Sloane, B. L. 
Smith, E. B. Whitman. 


VAGTBORG, HAROLD ALFRED, Jun, 
Chicago, Ill. (Elected April 18, 1927.) (Age 
30.) Cons. Engr., Allen & Vagtborg, Inc. 
Refers to H. E. Babbitt, M. L, Enger, L. H. 
Grinter, HB. 8. Nethercut, T. C. Shedd. 


WHITE, HOWARD LESLIE, Jun, Plain- 
field, Ind. (Hlected Oct, 24, 1932.) (Age 
32.) Senior Hngr., Indiana State Highway 
‘Comm. Refers to J. T. Hallett, G. R. Harr, 
R. E. Hutchins, M. R. Keefe, F. Kellam, 
R. L. MeCormick, W. J. Titus. 


The Board of Direction will consider the applications in this list not less 
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_ OCTOBER 1934 nes 


APPLICATIONS FOR ADMISSION AND FOR TRANSFER 


. The Constitution provides that the Board of Direction shall elect or reject 
all applicants for Admission or for Transfer, and, in order to determine justly 
the eligibility of each candidate, the Board must depend largely upon the 
Membership for information. 

This list is issued to members in every grade for the purpose of securing 
all such available information, and every member is urged to scan carefully 
~ each monthly list of candidates and to furnish the Board with data in regard 
to any applicant which may aid in determining his eligibility. It is the Duty 
of all Members to the Profession to assist the Board in this manner. 

It is especially urged, in communications concerning applicants, that a 

Definite Recommendation as to the Proper Grading in Each Case be given, 
inasmuch as the grading must be based upon the opinions of those who know 
the applicant personally as well as upon the nature and extent of his pro- 
fessional experience. If facts exist derogatory to the personal character or 
to the professional reputation of an applicant, they should be promptly com- 
municated to the Board. Communications Relating to Applicants are con- 
sidered by the Board as Strictly Confidential. 
z The Board of Direction will not consider the applications herein con- 
tained from residents of North America until the expiration of thirty (30) 
- days, and from non-residents of North America until the expiration of ninety 
(90) days from October 15, 1934. 


MINIMUM REQUIREMENTS FOR ADMISSION 


“ 


HES: 
Grade General Requirement Age a Length of mae anes 
y ctive Practice work 
Member Dushbed to denen oe valle to 35 years 12 years* aa a oe 
eats Qualified to direct work 27 years 8 years* 1 year 
A anior Qualified for Ss bean hey 20 years 4 years* 
Qualified by scientific acquire- 5 years ofient 


Affiliate ments or practical experience 35 years 12 years* portant’ work 
to co-operate with engineers 


- Contributor to the permanent 
EHOW funds of the Society \ 


_* Graduation from a school of engineering of recognized reputation is equivalent to 4 years of active 


practice. ' 
+Membership ceases at age of 33 unless transferred to higher grade. 


Bar 


The fact that applicants give the names of certain members as references 
does not necessarily mean that such members endorse. 


FOR ADMISSION 


BARATTINI, PAUL ANTHONY, New York 
ee (Age 04.) Refers to G. J. Davis, Jr., 
. C. A. duPlantier, 8. C. Houser. 


rae CLIFTON THORNE, Knoxville, 
Tenn, (Age 36.) Hydr. Engr., Tennessee 
Valley Authority. Refers to G. B. Archi- 
bald, B. Bird, J. 8S. Bowman, G. C. Haydon, 
J. Wright, Gun. Young. 


BELKNAP, EDWARD-MANSFIELD, Zanes- 

ville, Ohio. (Age 23.) Sub-inspector, Soils 
Laboratory, Corps of HEngrs., U. 8. Army. 
Refers to R. A. Anderegg, J. M. Belknap, 
H. B. Luther. 


BELLAMY, WALTER ett ee Austin, 
Tex. (Age 23.) Refers to J. T. LU. MeNew, 
J. J. Richey, C. BH. Sandstedt. 


BOWMAN, FREDERIC BERKELEY, Edge- 

water, Colo, .(Age 30.) Jun. Engr., Design 
Dept., Canals Sec., U. S. Bureau of Recla- 
mation, Denver, Colo. Refers to A. P. 
Banta, F. D. Bowlus, R. R. Martel, M. K. 
Snyder, F. Thomas. 


BROWNING, CAREY ROY, Tustin, ‘Cal. 
(Age 55.) Engr., The Irvine Co. ;,also_Cons. 
Engr. for Rancho Santa Margarita. Refers 
to D. W. Albert, S. V. Cortelyou, R. L. 
Patterson, W. P. Rowe, F. C Scobey, A. J. 
Stead, M. N. Thompson. 


CONE, VICTOR MANN, Memphis, 
(Age 651.) Senior Engr., $ 
Memphis Dist. 
Boesch, V. H. Cochrane, H. 
-M. C. Hinderlider, R. Mead, G. W. Miller, 
Wha. Parkin,’ °C.” Fi. Schwartz, osrccks, 
Somervell, L. D. Worsham. 


deMAHY, STEPHEN GREVILLE, St. 
Joseph, ‘Trinidad, B. W. 1. (Age 46.) Dist. 
BEnegr., Public ‘Works Dept., Trinidad. 
more to H. D. Chapman, C. BH. Conover, 
H. T. Cory, H. D. Dewell, G, L., Lucas. 


EDSTRAND, JOHN PHILIP, Kansas City, 
Mo. (Age 33.) Asst. Hydr. Ener., Missouri 
River Div., U. S. Engr. | Office. Refers to 
G. B. Archibald, G. A. Hathaway, D. H. 
McCoskey., H. K. Shane, C. W. Sturtevant. 


GETZ, MURRAY AUSTIN, Kansas City, Mo. 
(Age’ 27.) With Black & Veatch Eng. Co. 
Refers to EB. B. Black, G. rae Bradshaw, 
' J. O. Jones, A. P. Learned, IC; McNown, 
F. A. Russell, N. T. Veatehy ‘Jr. 

GODFREY, JAMES EMMASON, Brooklyn, 
N. Y. (Age 24.) Refers to H. P. Ham- 
mond, L. F. Rader, B. J. Squire. 


GOLLON, FRANK ROSEBEN, New York 
City. (Age 23.) Refers to R. EB. Goodwin, 
F. O. g McLoughlin, J. C. Rathbun. 
GRAY, GEORGE EARLEY, Berkeley, Cal. 
(Age 29.) Jun. Physical Testing Labora- 
tory Aid, California Div. of Highways. 
Refers to F. L. Bixby, H. P. Boardman, 
S. M. Hands. 


HAVENS, ANDREW CANT, Pittsburgh, Pa. 
(Age ) Highway Engr., Research Dept., 
American Tar Products Co. Refers to A. 
Diefendorf, L. \C. McCandliss. 


HOAD, JOHN GREEN, Lansing, 
(Age 25.) With Michigan State Highway 
Dept. Refers to ef H. Cissel, L. M. Gram, 
D. Kennedy, H. W. King, BH. D. Rich, 
H. B. Riggs, c. O. Wisler. 
JEWETT, RICHARD LEE, Fort Hum- 
phreys, Va. (Age 25.) 2d Lieut., Corps of 
Hngrs., . S. Army. Refers to As eEE3 
Holt, R. B. Kittredge, B. J. Lambert, F. T. 


Tenn. 


Mich. 


. Uys? 53° bap fo." eee 


; Wit 


| 


Mavis, H. B. Pettit, L. G. Straub, C. C. 
Williams, S. M. Woodward. 

JOHNSON, EDWIN oeige he poe 

Ohio. (Age 22.) Refers to R. A. Anderegg, 
H. B., Luther. 


KNEZ, COSMO MININ, New York ed 
(Age 41.) With C. W. A. as Asst. Tech. 
Supervisor in charge of personnel. ak 
to R. W. Anderson, F. B. Barshell, A. H. 
Bull, G. L. Lucas, F, G. Parisi, I. B.- 
Thorner. f 


McGAW, ALEX JAMES, Aruba, D. W. I. 
(Age 25.) Enegr., Standard Oil Co. of New 
Jersey. Refers to R. D. Goodrich, N. P. 
Nelson, H. T. Person. 


MARQUEZ, DANNY CAJULIS, Albuquerque, — 
'N. Mex. Age 28.) Draftsman, Indian 

Irrigation Service. Refers to J. H. Dorroh, 
H. C. Neuffer. 


MAYZEL, STEPHEN DARLINGTON ee 
York City. (Age 29.) Refers to W. 
Farrisee, F. C. Wilson. ae | 
MONDE, ANDREW JACKSON, Jr., Atlanta, 
(Age 24.) Refers to R. G. Hicklin, 

ard Snow. q 


TiS AS WILLIAM WALLACE, Austin, 
Tex. (Age 22.) Refers. to C. T. Bartlett, 
J. T. L. MeNew, C. BE. Sandstedt. 


ROMANO, PATRICK ANTHONY, New York 
mai (Age 24.) With Works Div., 

E.R.A., Constr. Dept., Parks, Manhattan. 
Refers to A. H. Holt. R. B. Kittredge, 
B. J. Lambert, F T. Mavis, C. C. Williams. 


SANDERS, VERNE GREY, Los Angeles 
Cal. (Age 36.) Senior Draftsman Dept. of 
Water and Power, City of nao8 Angeles. 
Refers to C. BE. Angilly, Jr., F. W. Hough, — 
W. W. Hurlbut, D D. Keese, D. A. Lane, | 
E, B. Mayer, H. A. Van Norman. { 


SEEMAN, orks EDWARD, Managua, 
Nicaragua. (Age 28.) With Corps of 
Engrs., U. 8S. Army; Officer in Chg., Hydro- 
graphic Office, Nicaragua Cana ” Survey. 
we to G. EB. Beggs, F. H. Constant, 

Gotwals, W. M. Hall, F. A. Heacock, 
i. a MacMillan, W. H. McAlpine. 


SHORE, FRANKLIN ca pes emcee ious 

kong, China. (Age 35.) ig nkee quogan & 

Amps. Refers to D. 

eee eb! H. V. Spurr, ae i. Met 
. F, Van Hagan, J. A. L. Waddell. 


waveOe GEORGE EDWARD, Jr. 

napolis, Md. (Age 24.) Field Yinees 
Annapolis Morvopolitat Sewerage Comm. 
Refers _to B. BH. Beavin, R. L. Burwell, 
A. N. Johnson, §. S. Steinberg. 


VANDERLIP, ARTHUR NELSON, Ithaca, 
N. YY. (Age 383.) paar in Civ. Eng., 
Cornell Gai. Refers to F. A. Barnes, E. N. 
Burrows, A. C, Perry, J. HE. Perry, BE. W. 
Schoder, C. L. Walker. 


VERVILLE, FRANCIS JOSEPH, Hancock, 
Mich. (Age 22.) Refers to W. C. Polk. 
inghorne, R. C. Young. 


WATSON, RALPH ARTHUR, Phoenix, 
Ariz. (Age 45.) ieee Allison Steel 

Co. Refers to H. Dewell, Ge A. Hoff-. 
man, N. G. Person, % J. Sly, O. Speir. 


WILSON, stg ah GOEDING FRANCIS, 
Washington, D5. a 40.) Asst. Civ. 
Engr., Constr. Div. M. Corps, U. 
Army. efers to a? L. Anderson, F. O. 
Dufour, R. Farnham, H. mt peneey 
Johannesson, K. C. Spayde, T. P. Wats 


‘Cincinnati, 


on. 
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FOR TRANSFER 


FROM THE GRADE OF 


CALLAHAN, ARTHUR FRANCIS, Assoc. 
M., Riverside, Conn. (Blected Dec. 14, 
1925.) (Age 39.) Managing Director, 
Refrigerator Association of New York, Inc., 
New York City. Refers to H. J. Carroll, 
J. H. Gaynor, P. J. Greenough, 8S. Negrey, 
W. K. Peasley, T. K. Tomson. 


COOK, JOHN ORTH, Assoc. M., Pittsburgh, 
Pa. (Elected March 14, 1927.) (Age 42.) 
' Project Engr., Local Administrative Office, 
ot Refers to H. G. Appel, W. E. 
. W.' H. Buente, C. S. Wavis, J. 
N. F. Hopkins, J. C. Jordan, H. P.° 
. W. Price, R. S. Quick, S. A. 
D. Stevenson, J. H. Stewart, 
. J. Wilkerson, 


KLINE, WILMER ZIEGENFUSS, Assoc. 
M., Philadelphia, Pa. (Elected Jan. 19, 
1920.) (Age 42.) Associate Civ. Engr., 4th 
Naval Dist., Navy Dept., Public Works 
Dept. Refers to W. H. Allen, A. G. Bisset, 
G. S. Burrell, F. H. Cooke, H. R. Gayler, 
 &#. OD. Graffin, F. R. Harris, W. L. Taylor. 
SEELY, HOMER RUSSELL, Assoc. M., 
Tenafly, N. J. (Hlected Junior Nov. 26, 
1923; Assoc. M, May 13, 1929.) (Age 37.) 
Res. Engr. Triborough Bridge Authority, 
New York City. Refers to O. H. Ammann, 


ASSOCIATE MEMBER 


M. B. Case, A. Dana, D. S. Gendell, Jr., 
S. Hardesty, L. S. Moisseiff. 
SHUTTS, ELMER EDWARD, Assoc. 


M., 
Lake Charles, La. 


(Elected Dec. 5, 1927.) 
(Age 41.) Member of firm, and Cons. Civ. 
Engr., E. Shutts & Sons, Civ. and Cons. 
Engrs. Refers to J. F. Coleman, R. J. 
Cummins, D. Derickson, W. K. Hatt, A. M. 
Shaw, E. O. Sweetser, H. Von Schrenk. 


SMITH, STANLEY RINEAR, Assoc. M.. 
Germantown, Philadelphia, Pa. (Hlected 
Oct. 12, 1925.) (Age 52.) Senior Asst. 
Hngr., Dept. of City Transit. Refers to 8. 
Harris, H. H. Quimby, W. R. Scanlin, 
C. H. Stevens, S. M. Swaab, W. 8. Twining. 


SWISHER, MARK, Assoc. M., Cleveland, 
Ohio. (Elected Aug. 31, 1925.) (Age 42.) 
Industrial Engr. & Contr. Refers to W. P. . 
Brown, R. L. Harding, R. Hoffmann, B. R. 
Lefer, D. Lowensohn, R. F. MacDowell, 
L. C. Sabin. 


VOLK, KENNETH QUINTON, Assoc. M., 
Los Angeles, Cal. (Hlected Jan, 17, 1921.) 
(Age 44.) Res. Engr., Metropolitan Water 
Dist. of Southern California. Refers to 
W. H. Code, J. Hinds, J. B. Lippincott, 
S. B. Morris, J..H. Quinton. 


FROM THE GRADE OF JUNIOR 


COOK, HOWARD LEE, Jun., Bethesda, Md. 
(Elected June 26, 1931.) (Age 29.) Hydr. 
Engr., Soil Erosion Service, Dept. of In- 

terior, Washington, D.C. Refers to R. H. 
- Horton, R. B. Kittredge, H. R. Leach, 
_'@. B. Ramser, S. M. Woodward. 


CRESSY, FRANK BEECHER, Jun., Long 

- Beach, Cal. (lected Nov._14, 1927.) (Age 
32.) Res. Engr., State Dept. of Public 
Works, Div. of Highways. Refers EO ue Vs 
Cortelyou, R. E. Davis, C. Derleth, Jr., 
._ N. George, A. D. Griffin, C. G. Hyde, 
Cc. P. Montgomery. 


_ CURRAN, CHARLES DANIEL, Jun., 
 Corozal, Canal Zone. (Hlected Oct. 24, 
~- 1982.) Age 27.) 1st Lieut., Corps of 
Bners., U. S. Army; 2d in Command, Co. 
C, ilth Engrs. Refers to H. N. Burrows, 
D. L. Neuman, P. S. Reinecke, EB. W. 
Schoder, L. C. Urquhart, H. D. Vogel. 


ie? GOLDSMITH, JOSEPH BLACKISTONE, 
- Jun., Charleston, W. Va. (Hlected June 4, 
1928.) (Age 32.) Bngr., Chesapeake & 
Potomac Telephone Co. of West Virginia. 
Refers to W. Bowie, H. L. Cooper, Cc. M. 
Durgin, O. B. French, J. R. Lapham. 


HENNES, ROBERT GRAHAM, Jun., Seattle, 
Wash. (lected May 13, 1929.) (Age 29.) 
Instructor in Civ. Eng., Univ. of Washing- 
ton. Refers to A. S. Douglass, P. : 
Fellows, M. R. Fisher, eke ns Hallihan, 
W. Cc. Hirn, F. C. Morse, A. H. Place, F. E. 
_ Weber, L. C. Wilcoxen. 


- HUNTER, HOMER ALEXAN 
4 Ft. Worth, Tex. (Elected Mare 
(Age 30.) Office Engr. and Designer 


DER, Jun., 
h 15, 1926.) 
with 


Hawley, Freese & Nichols, Cons. Engrs. 
Refers to J. H. Brillhart, J. B. Hawley, 
H. R. F. Helland, D. W. Mead, M. C. 
Nichols, H. W. Robinson, P. A. Welty. 


LOEWUS, JULIAN SIMEON, Jun, Balti- 
(Hlected April 12, 1926.) (Age 
32.) Eng. Draftsman, Navy Yard, 
Washington, D. C, Refers to P. G. Crout, 
B. M. Hall, Jr., V. H. Kriegshaber, P. F. 
Loehler, C. A. Smith, C. C. Whitaker. 


MORSE, CLINTON, Jun., Balboa Heights, 
Canal Zone. (BHlected Feb. 24, 1931.) (Age 
32.) Jun. Engr. (High Grade), The 
Panama Canal. Refers to B. J. Fletcher, 
R. L. Klotz, L. B. Moore, R. F, Olds, H. 8. 
Randolph. 
SLEEGER, WARREN HACKMAN, Jun, St. 
Paul, Minn. (Hlected Feb. 23, 1932.) (Age 
32.) Asst. Engr., Minneapolis-St. Paul San. 
Dist. Refers to W. N. Carey, J. A. Childs, 
K; M. Clark, G. M. Garen, F. J. Magnuson, 
G. M. Shepard. 
STEPHENS, RICHARD, Jr., Jun., Banning, 
Cal. (Blected Oct. 1, 1926.) (Age 82.) 
Asst. Engr., Metropolitan Water Dist. of 
Southern California, Field_ Headquarters. 
Refers to G. B. Baker, J. B. Bond, R. C. 
Booth, J. UL. Burkholder, R. B. Diemer, 
J. Hinds, J. Stearns, F. E. Weymouth. 
YOUNG, PHILLIP GAFFNEY, Jun., 
io, Tex. (Hlected October 24, 1932.) 
Cons. Bngr.; also County Engr. 
ty Surveyer, Refugio County, Tex. 
Refers to C. M. Blucher, S. W. Freese, 
Jy. B. Hawley, H. R. F. Helland, C. J. 
Howard, M. C. Nichols. 


The Board of Direction will consider the applications in this list not less 


than thirty days after the date of issue. 
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| Report of Tellers on Second Ballot for Official Nominees 


“October 15, 1934 


AMERICAN SOCIETY OF CIvIL ENGINEERS: * 


“The Tellers appointed to canvass the Second Ballot for Official Nominees report 


“Total number OianballotewnecervediAadl spat ice caleane ui ets ehens) Lebel atheros biota 1 973 
“Deduct: : 
Ballots from members in arrears of dues.............---+5 150 
Ballots a not SiSned wo. ye. aap pele: ficiete cele marae = sme tiene ene ale ll 
Ballots from members voting from wrong district.......... 2 
Sota le withnel a trOMl.. CANVASS t.. cris cudslay<.- creiccele ih ~ tus ele eusds aie eirepaueiens «te 163 
Se GHSe GATIVASSECM OL, Tt rlete takin sievaeits- chp cue wee solel a) « pe AEs 10 guerstere: sreitele. eis 1 810 
. “Hor Vice-President, Zone II: “For Vice-President, Zone III: 
IDS He Sawyer. : 2.0. i... 443 Henry H. Riggs...........-5-. 698 
Frank L. Nicholson.......... 303 ViGi Lip tite dey ext sreks iegens tieveoiers 1 
Wratidlt SAREE rn See ea ae pas SLE Nal pele nomen eles se cuties 32 
MSNATA Kite foePe wc ora se Se at oes en es 6 Tho Gail eae cee. Ao ee 731 
{MONE Se CO GT Ra ee a 753 ; 
“For Director, District 3: “For Director, District 9: 
Poo Arthur Poole, . 2.5: o<2 +6. 113 PRS Morset crane ties cehcaeber 140 
Edward H. Sargent.......-.-. 59 Blank OOM ok See nee 4 
BUT Soe IY ccf Ral ode Ga suaterononets shes? 1 
eC) Ma oe Re aac oes 173 Totals 2s sas women 144 
“ “ 4 s . 
a ie ay as “For Director, District 12: 
Be ee cots Melis ia oaet ott Avan) Op Crawford a: 62 y~ 44, 79 
Edwin F. Wendt..........--- 75 Rossi Ie quite nye ter. lees ania 74 
Lipsey eas aan ona 6 
S08 OED oe ae eee 310 Totaltrscwthe wane toee eee 153 
“For Director, District 7: “For Director, District 16: 
See L. Ferebee....-.----+-- Theodore A, Leisen......2..l.05: 136 
Blan T tal See aia ated eee a 160 Thomas R. Agg.....------++: 55 
A de ia Waid eth ee oa 3 
“For Director, District 8: Voinl ayaeeaes hee 194 
Charles B. Burdick......-.--- 152 
TO PSA CaN ne a 1 
Pla ke ce eke oaks Meise sie ae on es 4 
RR xa SOO ae stan 


“Respectfully submitted, 
“THEODORE REED KENDALL, Chairman, 
“A, W. BUEL, “R. S. SAUNDERS, 
Auten P, RicHMOND, JR., B. S. VooRHERS, 
Joun J. COPE, CHARLES CARSWELL, 
F. A. ROSSELL, CHARLES ©. ARMSTRONG, 


James A, DARLING, “Tellers.” 
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NOVEMBER 1934 No. 9 


APPLICATIONS FOR ADMISSION AND FOR TRANSFER 


_ The Constitution provides that the Board‘of Direction shall elect or reject 
all applicants for Admission or for Transfer, and, in order to determine justly 
the eligibility of each candidate, the Board must depend largely upon the 
Membership for information. 

This list is issued to members in every grade for the purpose of securing 
all such available information, and every member is urged to scan carefully 
each monthly list of candidates and to furnish the Board with data in regard 
to any applicant which may aid in determining his eligibility. It is the Duty 
of all Members to the Profession to assist the Board in this manner. 

It is especially urged, in communications concerning applicants, that a 
Definite Recommendation as to the Proper Grading in Each Case be given, 
inasmuch as the grading must be based upon the opinions of those. who know 
the applicant personally as well as upon the nature and extent of his pro-, 
fessional experience. If facts exist derogatory to the personal character or 
to the professional reputation of an applicant, they should be promptly com- 
municated to the Board. Communications Relating to Applicants are con- . 
sidered by the Board as Strictly Confidential. 

The Board of Direction will not consider the applications herein con- 
tained from residents of North America until the expiration of thirty (380) 
days, and from non-residents of North America until the expiration of ninety 

(90) days from November 15, 1934. 


MINIMUM REQUIREMENTS FOR ADMISSION 


5 Responsible 
Length of argo ot 
Grade General Requirement Age ied aibeaetiee ¢ ane Ae 
lified to design as well as to ‘ * 5 years of im- 
Member pay dn ocuamyortant work 35 years 12. years portant work 
Gaede Qualified to direct work 27 years 8 years* 1 year 
Tai Fe Qualified for ‘eal gumsossiona) 20 yearst 4 yearst 
) ' Qualified by scientific acquire- iF Genre Ona Tne 
Affiliate ments or practical experience 35 years 12 years* por Boa) Sod 


to co-operate with engineers 


—— 


Contributor to the permanent 
eee : funds of the Society 


 * Graduation from a school of engineering of recognized reputation is equivalent to 4 years of active 


practice. : 
+ Membership ceases at age of 33 unless transferred to higher grade. 


AND 


The fact that applicants give the names of certain members as references 
does not necessarily mean that such members endorse. 


FOR ADMISSION 


ANDERSON, LOUIS HAROLD, Palo Alto, 
Cal. (Age 35.) Director of Public_Utili- 
ties and Chf, Deputy City Engr. Refers 
to J. F. Byxbee, BE, L. Grant, C. D. Marx, 
D. H. Merrill, C. Moser, W. Putnam, L, B. 
Reynolds, BE. C. Thomas, C. B. Wing. 


BESSON, FRANK SCHAFFER, Jr., Cam- 
bridge, Mass. (Age 24.) Graduate student 
in Civ. Eng., Massachusetts Inst. of 
Technology. Refers to E. L. Daley, C, L. 
Hall, T. B. Larkin, K. R. Young. 


BOYSEN, ALBERT PETER, Elmhurst, 
ll. (Age eo With American Bridge 
Co., Chicago, Ill. Refers to F. W. Dencer, 
H. C. Hunter, F. R. Judd, B. G. Leake, 
H. Penn, A. F. Reichmann, C. E. Webb. 


BRESLIN, THOMAS, Orchards, Johannes- 
burg, South Africa. (Age 37.) Structural 
Eng. Asst., Rand Water Board. Refers 
to H. J. Collins, L. A, Mackenzie, W. G. 
Sutton. (Applies in accordance with Sec. 
1, Art. I, of the By-Laws.) 


BROWN, ANDREW ROY, Tuscaloosa, Ala. 


(Age 52.) Chf. Engr. and Gen. Supt., 
. W. Gwin Co., Inc., Gen. Contrs. Refers 
to A. C, Everham, J. P. Ewin, G. Gilchrist, 


J. V. Hanna, E. E. Howard, H. P. Tread- 
way, N. T. Veatch, Jr., E. P. Weatherly. 


BURNS, CHARLES PHILLIPS, Yellow- 
stone Park, Wyo. (Age _ 33.) Project 
Engr., U. S. Bureau of Public Roads. 


Refers to H. A. Alderton, Jr., A. C. Bux, 
J. .O. Hunt, C. E. Learned, A. C. Stiefel. 


CARLSON, FRANK BOWERS, Fargo, 
N. Dak. (Age 27.) Camp Supt., Emer- 
gency Conservation Works, Williston, N. 
Dak. Refers to C. Johnson, R. HB. Ken- 
nedy, R. A, Pease, W. H. Robinson, W. BE. 
Smith, L. C. Tschudy, D. L. Yarnell. 


CONNELL, HARRY HUBERT, Salina, 
Kans.. (Age 37.) Associate Engr., Wilson 
Eng. Co., Cons Engrs. Refers to L. BE. 
Conrad, F. F. Frazier, C. R. Hatfield, W. 
Kiersted, M. C. Nichols, H. A. String- 
fellow, M. A. Wilson. 


de CHELMINSKI, VLADIMIR, Ocumare de 
la Costa, Venezuela, S. A. (Age 34,) 
Engr., Ministry of Public Works of Vene- 
muela. Refers to J. J. Collins, R. 4H. 

, Colvin, R. A, MeMenimen, J. R. Stubbins, 
M. M. Upson, L. Velez. 


; DYER, WESLEY HALLIBURTON, Nash- 
ville, Tenn. (Age 26.) Wstimator, Nash- 
ville Bridge Co. Refers to L. C, Anderson, 
W. A. Coolidge, A. J. Dyer, H. B. Dyer, 
F. J. Lewis, H. McDonald. 


EARNEST, GEORGE BROOKS, Cleveland 
Heights, Ohio. (Age 32.) Instructor in 
Civ, Eng., Case School of Applied Science. 
Refers to G. BE. Barnes, M. S. Brown, F. L. 
Gorman, R. L. Harding, F. H. Neff, F L. 
Plummer, W. E. Rice. 


FOEHRENBACH, FRANK AUGUSTUS, Ft. 
Totten, N. Y. (Age 29.) Asst. Pngr., 
Works Div., Dept. of Public Welfare, 
Flushing, N. Y. Refers to I’. A. Barnes, 
E. N. Burrows, C. Crandall, J. HB. Perry, 
Cc. L. Walker. 


GAYLORD, CHARLES NELSON, Hampton, 
Va. (Age 26.) Instructor in Steel and 
Concrete Design, Dept. of Bldg. Constr., 
Hampton Inst. Refers to H. W. Brown, 
L. M. Gram, L. C. Maugh, R. H. Sherlock, 
J. A. Van den Broek, 


Mom 


4 


She eB th 


GLENDENING, PAUL FREDERICK, Globe. j 
Ariz. (Age 24.) Constr. Inspector, Arizona — 
Highway Dept. Refers to EB. S. Borgquist, 
F. C. Kelton, BE. V. Miller, J. W. Powers, 
A. F. Rath, E. R, Stapley. q 


GRAVES, QUINTIN BRANSON, Knoxville, 


Tenn. (Age 29.) Instructor, Univ. of Ten- 
nessee._ Refers to N. W. Dougherty, F. W. 
Epps, B. J. Lambert, B. L. Waterman, 


S. M. Woodward, 


GRIFFIN, GUY EBEN, Cos Cob, Conn. 
(Age 35.) San. Engr., Sewer Comm., Town 
of Greenwich. Refers to E urden, © 
E. S, Chase, S. M. Ellsworth, G. M. Fair, 
A. L. Fales, C. W. Sherman, A. D. Weston. 


JONAS, FREDERICK, New York City. 
(Age 23.) Refers to R. E. Goodwin, F. O. 
X. McLoughlin. 


4 
q 
} 
4 
& 
JORDAN, THOMAS ANDREW, Chicago, Il. 
(Age 53.) Chf. Designing Engr., American 
Bridge Co. Refers to A. A. Casani, F. W. 
Dencer, C. J.. Kennedy, R, Khuen, Jr., H. © 
Penn, A. F. Reichmann, C. E. Webb. - 
KELLOW, GAYLORD ARMAND, Cresco, ‘| 
; 
: 


Iowa. (Age 23.) Refers to J. Ww. Howe, 
R. B. Kittredge, B. J. Lambert, F. T. 
Mavis, C. T. Watts, C. C. Williams, 

KENNEDY, RICHARD ROBERTS, San 
Francisco, Cal. (Age 24.) Designing 
Pngr., Eng. Office of Clyde C. Kennedy. 
Refers to C. G. Hyde, EH. A. Ingham, J. J. 


Jessup, E. M. Kelly, L. B. Reynolds, 


KETCHUM, DANIEL READING, Ft. Peck, 
Mont. (Age 24) At Ft. Peck Laboratory, 
under War Dept., U. S. Engr. Office, Ft.. 
Peck Dist. Refers to J. J. Doland, M. S. — 
Ketchum, J. I. Parcel, N. T. F. Stadtfeld, 
L, G. Straub. 


KUMPE, GEORGE, Cambridge, Mass. (Age 
23.) Graduate student in Civ. Eng., 
Massachusetts Inst. of Technology. Refers 
to P. G. Burton, R. C. Cutting, B. C. Dunn, 
H. R. Faison, M. C. Tyler. 


KURTTILA, GEORGE HENRY, Gladstone, 
Mich. (Age 29.) Inspector, U. S. Engrs., 
Duluth, Minn. Refers to H. B. Pettit, 
W. C. Polkinghorne, R. C. Vogt. 


LAKE, IRVING JOSEPH, Brooklyn, N. Y. ; 
(Age 38.) Refers to G. _ | 
Brogan, H. : 
F, Rader, E. J. Squire, W. R. Tenney. 


LARSON, EVERETT HARMON, Big Piney, 


Wyo. (Age 23.) Jun. Topographic Engr., |— 
U. S. Geological Survey. Refers to G. D. 
Clyde, H. H. Hodgeson, O. W. Israelsen, 


H. R. Kepner, R. B. West. 


LEWIN, HAROLD ANDREW, Brooklyn, 
N. Y. (Age 27.) Computer, Dept. of Com- 
merce, U. 8. Coast and Geodetic Survey. 
Refers to R. W. Armstrong, H. R. Bouton, 
ue v- Dibbell, L. H. Lockwood, D. C. 

aite. 


LOCRAFT, BERNARD FRANCIS Washing- 
ton, D. C. (Age 32.) With James Ber- 
rell, Washington, D. C. Refers to R. Colt- 
man, Jr., F. F. Gillen, T, W. Marshall, 
M. 8S. Rich, A. J. Scullen, G. B. Strickler. 


McMINN FRED FRANCIS, Cincinnati, 
‘Ohio. (Age 48.) Asst. Commr. of Bldgs., — 
City of Cincinnati, Ohio. Refers to J, R. 
Biedinger, W. W. Carlton, H. H, Kranz, 
F. L. Raschig; J. B. Root, EB. K. Ruth, 
C. M. Stegner. : 


ORSE, REED FRANKLIN, Manhattan, 
Kans. (Age 86.) Asst, Prof. of Civ. Eng., 
Kansas State Coll. Refers to T. R. Agg, 
W. V. Buck, L. H. Conrad, F. EF. Frazier, 
A. H. Fuller, R. B. Wills, M. A. Wilson, 
. KF. Zeigler. 

EWMAN, ERVIN FRANCIS, Scranton, 
| S. Lohr, L 


. Rockwell, G. F. 


JOHN 
N. Mex. 


RUTHERFORD, Las 
(Age 32.) _ 1st Lieut., 
U. S. Army; Instructor of Engrs., New 
Mexico National Guard. Refers to H. J. 
. Baker, F. A. Barnes, M. Hiliott, W. L. 
Holmes, A. W. Sargent, J. G. Steese. 


ALOCSAY, FRANK STEVE, Cleveland, 
(Age 32.) Inspector, U. S. Engrs., 
N. Y., Dist. Refers to L. L. Davis, 
. Y. Dixon, S. C. Hollister, W. E. How- 
land, G. P. Springer, R, B. Wiley. 

ENNA, NICHOLAS, Harrison, N. Y. (Age 
30. Chf. of Party, County Engrs. of 
Westchester, White Plains, N. Y. Refers 
to HB. Anderberg, J. Barnett, C, A. Gar- 
field, A: G. Hayden, R. M. Hodges, S. 


POPPER, WILLIAM, Oakland, Cal. (Age 
25.) Jun. Bridge Designing Hngr., State 
Refers to J. Cherno, H. G 


of California. : 
Green, B. M. Shimkin, C. L. 


Gerdes, J. W. 


State Inspector on construction, 


Age 24. 
ae ) Refers to 


Texas Highway Dept., Div. 12. 
mH. C. H. Bantel, P. M. Ferguson, S. P. 


Finch, J. A. Focht. 
OBINSON, BENJAMIN PERRY, New 
York City. (Age 20.) Refers to A. Har- 


fing, C. T. Schwarze. 


ornia. 
W. Ul. Chadwick, R._ B. 0 
Hddy, J. Stearns, W. E. Whittier. 


MES, GEORGE MARSHALL, Assoc. M., 
Grand ‘Rapids, Mich. (Elected June 7, 
1899.) | (Age 76.) Vice-Pres. Owen-Ames- 
Kimball Co., Gen. Bldg. Contrs, Refers to 
. &. Ayres, M. BH. Cooley, G. H. Fenkell, 
.W. Goddard, R. H. Merrill, H. E. Riggs, 
; R. Rumsey, C. S. Sheldon. 
LORNEFELD, CHARLES FOWLER, Assoc. 
M., Baltimore, Md. (Blected Junior May 
31, 1910; Assoc. M. Jan. 15, 1917.) (Age 
47.) Chf. Project Engr., Maryland State 
/ Ww. A. Organization and F. B. R. A. in 
Maryland. Refers to F. H. Dryden, S. L. 
Fuller, H. P. Hamilton, E. 


H. Harder, W. 
Mueser, 8S. L. Thomsen, G. W. C. Whiting. 
'HIPMAN, PAUL, Assoc. M., Highland 
Park, Mich. (Blected Oct. 2, 1907.) (Age 
61.) Office Engr., Pere Marquette Ry. 
Refers to F. H. Alfred, M. S. Ketchum, 
W. Michel, H. BE. Riggs, A. N. Talbot. 


SHINE, JACK BERTRAND, Houston, Tex. 


Zoxk 


van LOBEN SELS, MAURITS JUST, Vor- 
den Cal. (Age 24.) Refers to N. W. Mag- 
ner, EH. 8S. Randolph. 


WALTON, JEAN RICHMOND, Shiprock, 
N. Mex. (Age 28.) Surveyor, U. S. Indian 
Irrigation Service, 5th Irrigation Dist. 
Refers to J. H. Dorroh, H. C. Neuffer, 
F. W. Slattery. 


WHITNEY, WILLIAM RESTON, St. Al- 
bans, N. Y. (Age 41.) Res. Hngr.-Inspec- 
tor, Public Works Administration, New 
York City. Refers to L. Costello, D. B. 
Fegles, S. T. Goldsmith, W. D. Kramer, 
J. S. Macdonald, H. S. R. McCurdy. 


WINFREY, ROBLEY, Ames, Iowa. (Age 
35.) Bulletin Editor and Research Engr., 
Eng. Experiment Station, Iowa State Coll. 
Refers to R. W. Crum, A. H. Fuller, H. J. 
Gilkey, A. Marston, M. B. Morris. 


WINICK, CHARLES'- BORIS, Brooklyn, 
N. Y. (Age 37.) Res. HEngr.-inspector, 
P,. W. A., New York City. Refers to C. L. 
Crandall, M. H. Gilmore, C. 8. Gleim, G. L. 
Lucas, A. I. Raisman, G. S. Reeves, C. B. 
Sudler, B. Wilson. 


WOFFENDEN, JOHN BERNARD, Port- 
land, Ore. (Age 46.) Senior Draftsman, 
U. S. Engrs. Refers to L. Brown, W. N. 
Carey, H. C. Corns, G. M. Garen, S. C. 
Godfrey, K. V. Jones, H. A. Rands, F. C. 
Schubert, F. C. Williams, J. Wright. 


WORTH, HENRY NORMAN, Colombo, Cey- 

lon, (Age 49.) Chf. San. Engr., Dept. of 
Medical and Sanitary Services, Ceylon. 
Refers to G. M. Fair, H. F. Ferguson. (Ap- 
plies in accordance with Sec. 1, Art. I, of 
the By-Laws.) 


WYATT, WENDELL CHAMBERS, Pitts- 
burg, Kans. (Age 25.) Asst. Engr., Water 
Conservation, State of Kansas. Refers to 
BH. Boyce, G. W. Bradshaw, J. O. Jones, 
W. C. McNown, F. A. Russell, J. W. 
Stewart. 


YUKTASEVI VIVATANA, LUANG, Bang- 
kok, Siam. (Age 28.) Asst. Engr. and 
Constr. Wngr., Dept. of Royal State Rys. 
of Siam. Refers to T. M. Bhiromya, J. 
Husband. (Applies in accordance with 
Sec. 1, Art. I, of the By-Laws.) 


ZOKOVETZ, NIHKOLAS GEORGIEVICH, 
Leningrad, U. S. S. R.. (Age 34.) Supt 
of Constr. on metallurgical works, Indus- 
trial Construction Trust (Company). Re- 
fers to F. M. Dawson, A. L. Gram, H. F. 
Janda, F, E. Turneaure, L. F. Van Hagan. 


FOR TRANSFER 
FROM THE GRADE OF ASSOCIATE MEMBER 


GRANGER, ARMOUR TOWNSEND, Assoc. 
M., New York City. (Hlected July 6, 
1925.) (Age 36.) -Chf. Draftsman, Ash- 
Howard-Needles & Tammen, Cons, Engrs. 
Refers to BH. C, H. Bantel, S. P. Finch, 
B®. BE. Howard, BH. R. Needles, H. C. Tam- 
men, T. U. Taylor, G. G. Wickline. 


HARTZOG, JUSTIN RICHARDSON, Assoc. 
M., Cambridge, Mass. (Blected July 14. 
1930.) (Age 42.) Associate of John Nolen, 
City Planner, Cambridge, Mass. Refers 
to R. C. Allen, R. V. Black, J. L. Crane. 
Jr., F. E. Everett, F. H. Fay, H, M. Lewis, 
R. H. Randall, 


HEYMAN, WILLIAM, Assoc. M., New York 

City. (Blected Junior June 380, 1911; 
Assoc. M. March 4, 1913.) (Age 49.) Pres. 
and Works Mer., Heyman & Good- 
man Co. Refers to C. Goodman, J, P. 
Hogan, A, I. Raisman, R, Ridgway, des 
Sanborn, D. C. Serber, L. White. 


KEREKES, FRANK, Assoc. M., Ames, 
Iowa. (lected Junior June 6, 1921; 
Assoc. M. March 16, 1925.) (Age 38.) Prof. 


of Structural Eng., Iowa State Coll. Re- 
fers to T. R, Agg, L. B. Conrad, J. K. 
Finch, P. A. Pranklin, A. H, Fuller, K. 10. 
X. McLoughlin, A. Marston, A. F. Reich- 
mann, D, B. Steinman, Cc. C. Williams, 


LEVIN, LOUIS FRANK, Assoc. M., Sault 
Ste. Marie, Mich. (Elected March 11, 
1929.) (Age 43.) County LEngr.-Mgr., 
Chippewa County, Mich. Refers to J._H. 
Bateman, C. M. Cade, G. C. Dillman, I. De- 
Young, GA, Melick, L. J. Rothgery, L. C. 
Smith. 

LOWE, THOMAS MARVEL, Assoc. M., 
Gainesville Fla. (Elected Jan. 26 1981.) 
(Age 38.) Associate Prof. of Civ. Hng., 
Uniy. of Florida. Refers to G. EH, Barnes, 
Cc. B. Breed, C. C. Brown, F. M. Dawson, 
W. W. Fineren, H. D. Mendenhall, H. J 
Morrison, P. L. Reed. 


FROM THE GRADE OF JUNIOR 


BRIELMAIER, ALPHONSE ANTHONY, 
Jun., Galena, Ill. (Elected July 16, 1928.) 
(Age 29.) With U. S. Forest Service on 
Soil Wrosion Prevention. eters to J. 
Boldt, H. Cross, J. C. Esch, W. C. Hunt- 
ington, HB. G. Kauffmann, A. R. Lord, F..H. 
Richart, 


CARMICHAEL, DAVID WATSON, Jun., 
Yorktown Heights, N. Y. (Elected Nov. 
14, 1927.) (Age 82.) Res. Engr. with 
James Cc. Harding, Cons. Engr., Mt. Kisco, 
N.Y. Refers to G. HE. Barnes, W. Gavett, 
J. C. Harding, E. G. Manahan, L. G. Rice. 


FUNK, LOUIS, Jun., New York City. 
(Hlected Nov, 238, 1931.) (Age 381.) Asst. 
Engr. (C. W. A.), Park Dept., New York 
City. Nh: to W. F, Barck, E. J. Car- 
rillo, P. D. G. Hamilton, L. Hussey, G. W. 
Knight, B. Wuth. 


KLEGERMAN, MORRIS HERMAN, Jun., 
New York City. (Blected Oct. 1, 1928.) 
(Age 28.) Project Engr. with Alexander 
Cons. Engr. ReferS to T, R. 
G. Hess, J. L. Lenox, A. Potter, 
Tyl er, 

KOENIG, EDWARD FRANCIS,: Jun., Los 
Angeles, Cal.  (Wlected April 23, 1928.) 
(Age 33.) Jun. Civ, Engr., City of Los 
Angeles. Refers to F. Bates, R. M. Fox, 
F. M. Hines, L. C. Mayer, C. J. Shults, 
HW. Van Goens. 


LOUCHHEIM, WILLIAM SANDEL, 
Philadelphia, Pa. (Elected June 7, 1926.) 
(Age 29. Vice- Pres., Keystone State Cor- 
poration. Refers to G. H. Biles, P. G. 
Brown, R. Farnham, H. S8. Hipwell, W. I. 
Lex, c. Bs, Myers, L. F. Parlette, P. M. 


Jun., 


The Board of Direction will consider the applications in this list not les Al 
than thirty days after the date of issue. 


t 


" MeLEAN, WALTER REGINALD, Jun., Sap 


O’REILLY, ANTHONY RAUEN, Assoc. 
Reading, Pa. (Blected Junior Dec. - 
1920; Assoc. M. Nov. 14, 1927.) (Age 
Chf. Engr., Bureau of ote Refers t 
G. S. Beal, R. C. Dennett M. stevensov 
BH. Moses, ‘At L. Reeder, weE L.. Steven 

G. EF. Wieghardt, 


PATTERSON, DONALD, Assoc. M., Union 
town, Pa, (Dlected Junior May 38, 1922 
Assoc, M. Oct. 14, 1929.) (Age 36.) Diss 
Bridge Engr., Pennsylvania Dept. of Hi 
ways. Refers to S. HEckels, T, C. Fra 
S. W. Jackson, D. Kippel, R. B. 
tredge, ¥. M. Masters, KR. Modjeski,” 1, I 
Shirey, G. B. Woodruff, S. M. Woodware 


POLLOCK, JAMES RANDALL, Assoc. Mi 
Flint, Mich. (Elected May 8, 1922.) (Agg 
41.) Director of Public Works and Util: 
ties. Refers to W. Bintz, S. A. Greeley» 
W. C. Hoad, E. D, Rich, H. B. Riggs, i 
Cc. Shoecraft, J. S. Worley. 


Sam, W. R. Scanlin, R. C. Scott, 
Shute, C. H. Stevens, S. M. Swaab, 
Watson. | 


Leandro, Cal. (Hlected July 14, 1930 
Age 31.) Asst. Engr., Hast Bay Municipa 
‘tility Dist., Oakland, Cal. Refers to d 
D. Deteele, cA ts Edmonston, Cc. B, Grunt 
aay . W. Hanna, R. C. Kennedy 

8. IPn ewan: BE. L. Macdonald. 


ees LAWRENCE PATRICK, J 

Peoria, Til. (Elected May 25, 1864.) A oe 
32.) Asst. Civ. Engr., U. S. Eng 
Refers to C. R. Andrew, BE. H. 
D, H. Connolly, J. J. Doiland, WwW. C. 
ington, W. H. Rayner, J. Ww. Woennaiy 


rar Memria ee Non iO abs Cee 
olo. 
Asst. Engr., U. S. 
Refers to R. A. Pers J. A. Bee 
J. J. Hammond, H. B. Luther, A. 
gers, J. L, Savage, B. W. Steele, R. 
Welsh, W. S. Winn. 


SCHEGOLKOV, VICTOR K., Jun., Seattld 
Wash. (Elected Oct. 14, 1929.) (Age 32.2 
Structural Draftsman,. Isaacson Iro? 
Works. Refers to G. EH. Hawthorn, é 
Hutchinson, J. W. Miller, C. C. More, R, 4 
Tyler. ; 
WINTER, CARROLL CORNELIUS, J 
San Francisco, Cal, (Elected Oct. 14, 1929.3 
(Age 29.) Associate Bridge Constr. Engr 
Bridge Dept., State of California. es 
to C. E. Andrew, H. J. Brunnier wi 
Gross, C. R, Harding, TsO! Sahiseeel 
Fr. W. Panhorst, H. M. Smitten, @,. | 
Whittle. 
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PRESIDENT 
HARRISON P. EDDY 


VICE-PRE SIDENTS 


erm expires January, 1935: Term enpires January, 1986: 
-F.0. DUFOUR . HENRY D. DEWELL 
FRANK G. JONAH : JOHN P. HOGAN 


DIRECTORS 


Term ecpires January, 1936: Term expires January, 1987: 
_ JAMES F, SANBORN  ‘T. J. WILKERSON 
W. W. HORNER F. A. BARBOUR 
BH. N. NOYES CHARLES B, TROUT 
J. P. H. PERRY - . 0. H, AMMANN 
. HENRY J, SHERMAN B, A. ETCHEVERRY — 
RALPH J. REED FREDERICK H. McDONALD — 


PAST-PRESIDENTS | 


Members of. the Board 
ALONZO J. HAMMOND 


ASSISTANT SECRETARY 
Cc. B. BEAM 


ASSISTANT TREASURER =~ 


RALPH R. RUMBRY 


“EXECUTIVE ao 


_ HARRISON Py EDDY ; 
: ALONZO J. HAMMOND 
EDWARD P. LUPFER 


HONORARY MEMBERSHIP 
ieee __._ HARRISON P. EDDY 
HER RT ’% CROCKER ALONZO J. HAMMOND 
ENRY D.DEWELL ' JOHN P, HOGAN 
; _ FRANK G. JONAH 
PUBLICATIONS 


JOHN H. GREGORY 
EDWARD P. LUPFER 


a , HENS Y Se, SHERMAN 
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FB. 0. DUFOUR 

ROBERT HOFFMANN | 
_ PROFESSIONAL CONDUCT 


- J.C, STEVENS ed 
HENRY E. RIGGS 
JAMES F. SANBORN 


AMERICAN SOCIETY OF CIVIL ENGINEERS 


COMING MEETINGS 


BOARD OF DIRECTION MEETINGS 


January 14-15, 1935: 
A Quarterly Meeting will be held at New York, N. Y. 


ANNUAL MEETING ; 
NEW YORK, N. Y. 7 
January 16, 17, and 18, 1935 


January 16, 1935: | 

Morning.—Annual Meeting. Conferring of ib anteary Membership, and Pion 7 
entation of Medals and Prizes. 6 

Afternoon.—Technical Division Sessions. 


Evening.—President’s and Honoreey. Members’ Reception and Dance. 


January 17, 1935: 
. Morning.—Technical Division ‘Sessions. 
Afternoon.—Technical Division Sessions. 
Evening.—Entertainment and Smoker. 


January 18, 1935: 
All-Day Excursion. 


The Reading Room of the Society is open from 9:00 a.m. to 5:00 P.M. every day. . 
except Saturdays when it is closed at 12.00 m. It is closed all day on Suntan 
and holidays. : 


Members, particularly those from out of town, are cordially invited to use this room 
on their visits to New York, to have their mail addressed there, and to utilize 4 
it as a place for meeting others. There is an ample file of current periodicals, 
the latest technical books, and the room is well supplied with rte tables 


